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PREFACE 



In this book the authors for the first time introduce the notion of 
neutrosophic intervals and study the algebraic structures using them. 
Concepts like groups and fields using neutrosophic intervals are not 
possible. Pure neutrosophic intervals and mixed neutrosophic intervals 
are introduced and by the very structure of the interval one can 
understand the category to which it belongs. 

We in this book introduce the notion of pure (mixed) neutrosophic 
interval bisemigroups or neutrosophic biinterval semigroups. We derive 
results pertaining to them. The new notion of quasi bisubsemigroups 
and ideals are introduced. Smarandache interval neutrosophic 
bisemigroups are also introduced and analysed. Also notions like 
neutrosophic interval bigroups and their substructures are studied in 
section two of this chapter. Neutrosophic interval bigroupoids and the 
identities satisfied by them are studied in section three of this chapter. 
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The final section of chapter one introduces the notion of neutrosophic 
interval biloops and studies them. Chapter two of this book introduces 
the notion of neutrosophic interval birings and bisemirings. Several 
results in this direction are derived and described. Even new bistructures 
l ik e neutrosophic interval ring-semiring or neutrosophic interval 
semiring-ring are introduced and analyzed. Further in this chapter the 
concept of neutrosophic biinterval vector spaces or neutrosophic interval 
bivector spaces are introduced and their properties are described. 

In the third chapter we introduce the notion of neutrosophic interval 
n-structures or neutrosophic interval n-structures. Over 60 examples are 
given and various types of n-structures are studied. Possible applications 
of these new structures are given in chapter four. The final chapter 
suggests over hundred problems some of which are at research level. 

We thank Dr. K.Kandasamy for proof reading and being extremely 
supportive. 



W.B.VASANTHA KANDASAMY 
FLORENTIN SMARANDACHE 
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Chapter One 



Basic Concepts 



In this chapter we first introduce the notion of neutrosophic 
intervals and special neutrosophic intervals. We built in this 
chapter interval neutrosophic bistructures with single binary 
operation; we call them also as biinterval neutrosophic algebraic 
structures. 

N((R + u{0})I) = R + 1 u {0} = {[0. al] I a e R + u {0}} 
denotes the pure neutrosophic intervals of reals. 

N(Q + I u{0}) - N((Q + u{0})I) = Q + I u {0} = {[0. al] I a e 
Q + u {0}} = {[0, al] I a e Q + u {0}} denotes the pure 
neutrosophic intervals of rationals. 

N(Z + I u{0}) = { [0. al] I a e Z + u {0} } denotes the intervals 
of pure neutrosophic integers. N (Z n I) = {[0, al] I a e Z n j 
denotes the pure neutrosophic interval of modulo integers, we 
can define now neutrosophic interval modulo integers as N ((Z n 
u I» - {[0, a+bl] I a, b e Z n }. N «Q + u I» u {0}) - {[0, a+bl] 
I a, b e Q + u { 0 } } is the rational neutrosophic interval. 

N «R + u I) u {0}) = {[0, a + bl] I a, b e R + u {0}} is the 
neutrosophic interval of reals. 

Finally N «Z + u I) u {0}) = { [0, a+bl] I a, b e Z + u {0} } is 
the neutrosophic interval of integers. 
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Now we will be using these intervals and work with our 
results. However by the context the reader can understand 
whether we are working with pure neutrosophic intervals or 
neutrosophic of rationals or integers or reals or modulo integers. 
This chapter has four sections. Section one introduces 
neutrosophic interval bisemigroups, neutrosophic interval 
bigroups are introduced in section two. Section three defines 
biinterval neutrosophic bigroupoids. The final section gives the 
notion of neutrosophic interval biloops. 

1.1 Neutrosophic Interval Bisemigroups 

In this section we define the notion of pure neutrosophic 
interval bisemigroup, neutrosophic interval bisemigroup, 
neutrosophic - real interval bisemigroup, quasi neutrosophic 
interval bisemigroup and quasi neutrosophic - real interval 
bisemigroup using Z n or Z + u {0} or Q + u {0} or R + u {0}. 
We give some examples and describe their properties. 

DEFINITION 1.1.1: Let S = Si US 2 where Si and S 2 are interval 
pure neutrosophic semigroups such that Si and S 2 are distinct, 
then we define S to be a pure neutrosophic interval bisemigroup 
or pure neutrosophic biinterval semigroup. 

We will illustrate this situation by some examples. 

Example 1.1.1: Let S = Si u S 2 = {[0, al] I a e Z 3 , +} u 
{[0, bl] lb e Z + u {0}, +} be the pure neutrosophic interval 
bisemigroup. 

Example 1.1.2: Let P = Pi u P 2 = { [0, al] I a e Z + u {0}, +} u 
{[0, al] I a e Zi 2 , x} be a pure neutrosophic interval 
bisemigroup. 

We see both the bisemigroups given in examples 1.1.1 and 
1 .1.2 are of infinite order. 

Example 1.1.3: Let T = Ti u T 2 = {[0, al] I a e Z 40 , +} u {[0, 
al] I a e Z 25 , x} be a pure neutrosophic interval bisemigroup of 
finite order. 




Example 1.1.4: Let W = W 2 u W 2 = { [0, al] I a e Q + I u {0}, 
x } u { [0, bl] I b e Q + u { 0 } , + } be a pure neutrosophic interval 
bisemigroup of infinite order. 

Example 1.1.5: Let M = Mj uM 2 = {[0, al] I a e R + I u {0}, 
+ } u {[0, bl] I b e Q + I u {0}. x} be a pure neutrosophic 
interval bisemigroup of infinite order. 

Example 1.1.6: Let T = Tj u T 2 = { [0, al] I a e Z 5 , +} u {[0, 
bl] I b e Z 7 , x} be a pure neutrosophic interval bisemigroup of 
finite order. 

Clearly order of T; o (T) = 5 . 7 = 35. 

We can define the notion of pure neutrosophic interval 
subbisemigroup or pure neutrosophic biinterval subsemigroup 
or pure neutrosophic interval bisubsemigroup in the usual way. 
This task is left as an exercise to the reader. 

We give only examples of them. 

Example 1.1.7: Let T = Tj u T 2 = { [0. al] I a e Z + I u {0}, +} 
u { [0, al] I a e Q + I u { 0 } . x } be a pure neutrosophic interval 
bisemigroup. Consider H = Hi u H 2 = {[0, al] I a e 3Z + I u 
{0}. +} u {[0. bl] I b e Z + I u {0}, x} c Tj u T 2 ; H is a pure 
neutrosophic interval bisubsemigroup of T. Infact T has 
infinitely many such pure neutrosophic interval 
bisubsemigroups. 

Example 1.1.8: LetV = V l uV 2 = { [0, al] I a e Z 12 } u { [0, al] 

I a e Z + u { 0 } } be a pure neutrosophic interval bisemigroup. 
Consider S = Sj u S 2 = { [0, al] I a e {0, 2, 4, 6, 8, 10} c Z 12 } u 
{[0. al] I a e 5Z + u {0}} c Vi u V 2 . S is a pure neutrosophic 
interval bisubsemigroup of V. We see they are pure interval 
bisemigroup both under addition and multiplication. Of course 
only one operation will be used at a time. 

Example 1.1.9: Let P = P, u P 2 = { [0. al] I a e Z 40 } u { [0. bl] I 
b g Z 28 } be a pure neutrosophic interval bisemigroup. Consider 
H = H 1 uH 2 ={[0,aI]lae {0, 10. 20. 30) c Z 40 } u { [0. bl] I 
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be {0, 2, 4, 26} c Z 28 } c Pi u P 2 is a pure neutrosophic 

interval bisubsemigroup of P. 



Example 1.1.10: Let P = Pi u P 2 = { [0, al] I a e R + u {0}, + } 
u {[0, bl] I b e Q + u {0}, x} be a pure neutrosophic interval 



bisemigroup. T = Ti u T 2 = { [0, al] I a e 




n = 0, 1, 2, 



°o, +}} U {[0. bl] I b e 13Z + u {0}} c P : u P 2 is pure 
neutrosophic interval bisubsemigroup of P. 

We can define ideals in case of these structures also. This is 
direct and hence left for the reader as an exercise. However we 
give examples of them. 



Example 1.1.11: Let M = M, u M 2 = {[0, al] I a e Z + u {0}, 
xj u {[0, bl] I b e Zi 2 , x] be a pure neutrosophic interval 
bisemigroup. 

Take u P 2 - P = { [0. al] I a e 3Z + u {0}} u {[0. bl] I b 

e {0, 3, 6, 9} c Zi 2 } c Mi u M 2 ; it is easily verified P is a 
biideal of M. 

It is important to mention here that every pure neutrosophic 
interval bisubsemigroup of a pure neutrosophic interval 
bisemigroup need not in general be a pure neutrosophic interval 
biideal, however every pure neutrosophic interval biideal of a 
pure neutrosophic interval bisemigroup is a bisubsemigroup. 
We see the bisubsemigroup given in example 1.1.10 is not a 
biideal. 



Example 1.1.12: Consider H = Hi u H 2 = { [0, al] I a e Z i3 , +} 
u {[0, bl] I b e Z 2 9 , +} a pure neutrosophic interval 
bisemigroup. Clearly H has no pure neutrosophic interval 
bisubsemigroups hence H has no pure neutrosophic biideals. 

We call a pure neutrosophic interval bisemigroup S to be 
bisimple if it has no proper bisubsemigroups. We call S to be 
biideally simple if it has no biideals. 

We will give examples and prove a few results in this 
direction. 
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Example 1.1.13: Let P = Pi u P2 = { [0, al] I a e Z 17 , x} u { [0, 
bl] I b e Z23, x} be a pure neutrosophic interval bisemigroup. 
Clearly P has no ideals. 

However consider H = Hj u H 2 = { [0, I], [0, 161], 0} u { [0, 
I], 0, [0, 221]} c Pi u Pi is a pure neutrosophic interval 
bisubsemigroup of P and is not a biideal of P. 

One can just think of for any pure neutrosophic interval 
bisemigroup S = SiUS 2 ;H = SiU{ 0} c Si u S 2 is a biideal of 
S. Also T = {0} u S 2 c Si u S 2 is again a biideal we choose to 
call these biideals as trivial biideals of S. 

Theorem 1 . 1 . 1 : Let S - S, u S 2 = {[0, al] \ a e z p , +} u 
{[ 0 , bl] I b e Z p , +] where p and q are two distinct primes; be a 
pure neutrosophic interval bisemigroup. S is simple, hence S is 
biidealy simple. 

The proof is direct and hence left as a simple exercise. 

Theorem 1 . 1 . 2 : Let S = S, u S 2 = ([ 0 , all I a e z p , x] u 
{[ 0 , bl] I a e Z q , x] be a pure neutrosophic interval 
bisemigroup p and q primes. S is only a biideally simple 
bisemigroup but is not a simple bisemigroup. 

Proof: Follows from the fact that 11 = H| u H 2 = { [0. al] I a e 
{0, p-1 } } u {[0. bl] I b e {0. q-1 } } c S, u S 2 is a pure 
neutrosophic interval subbisemigroup of S but is not a biideal 
of S. 

Hence the claim. 

However if S = Si u S 2 = {[0. al] I a e Z 5 , +} u {[0. bl] I 
b e Z19, x} be a pure neutrosophic interval bisemigroup still S is 
both simple and ideally simple. In view of this we have the 
following corollary, the proof of which is direct. 

Corollary 1.1.1: Let T = Ti u T 2 = {[0, al] I a e Z p , +} u 
{[0, bl] I b e Z q , x], p and q primes be a pure neutrosophic 
interval bisemigroup. 

T is simple and ideally simple it has only trivial or interval 
quasi bisubsemigroups and ideals. For P = {[0, al] I a e Z p , +} 
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u {0} =PiuP 2 , V = ViuV 2 - {0} u {[0, bl] Ibe Z q , x} are 
trivial ideals. 

M = Mi u M 2 = {0} u {[0, al] I a e {0. q-1 }, x} be a pure 
quasi interval bisubsemigroup of T which is not an ideal. 

Now we bring out the fact that Lagrange’s theorem in 
general is not true in case of pure neutrosophic interval 
bisemigroups. 

This is proved by the following examples. 

Example 1.1.14: Let S = Si u S 2 = { [0, al] I a g Z n , x} u {[0, 
bl] I b g Z 29 , x) be a pure neutrosophic interval semigroup. 
Take T = Ti u T 2 = {[0, I], [0. 161], [0. 0]} u {[0. I], [0. 281]} 
c Si u S 2 be a pure neutrosophic interval bisemigroup of S. 

0 (S) = 17 x 29 and o (T) = 3 x 2. Clearly o (T) \ o (S). 
Consider P = Pi u P 2 = { [0, 1], 0, [0, 161] } u { [0. 1], 0. [0. 281] } 
= Si u S 2 is again a pure neutrosophic interval bisubsemigroup 
of S which is not a biideal of S. Further o (P) = 3 x 3 and 3x3 
X 17 x29. 

Thus in general the Lagrange theorem is not true in case of 
pure neutrosophic interval bisemigroup of finite order. 

Example 1.1.15: Let S = Si u S 2 = { [0, al] I a g Z i2 ] u { [0, bl] 

1 b g Z 25 ] be a pure neutrosophic interval bisemigroup of order 
12 x 25. Consider M = Mi u M 2 = { [0, al] I a g {0, 2, 4, 6, 8, 
10} cZi 2 ] u{[0, bl] Ibe {0.5, 10, 15,20} cZ 25 ] cS = SiU 
S 2 ; M is a pure neutrosophic interval bisubsemigroup of S. 
Now o (M) = 6x5 and we see o (M) / o (S). Thus Lagrange’s 
theorem for finite group is true for this bisubsemigroup M of S. 

Now we can define the notion of Smarandache pure 
neutrosophic bisemigroup S = Si u S 2 if Sj and S 2 are 
Smarandache bisemigroups if only one of Si or S 2 is a 
Smarandache bisemigroup then we call S to be a quasi 
Smarandache pure neutrosophic interval bisemigroup. We give 
examples of Smarandache pure neutrosophic interval 
bisemigroup. 

Example 1.1.16: Let V = V[ u V 2 = {[0, al] I a e Z 23 , x] u 
{[0, bl] I b g Q + u {0}, x] be a pure neutrosophic interval 
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bisemigroup. H = {[0. I], [0, 221]} u {[0. 2 n I], [0. ^I]lm,n 

g Z + } c Vi u V 2 = V; is a interval group which is pure 
neutrosophic hence V is a S-pure neutrosophic interval 
bisemigroup. 

Example 1.1.17: Let V = { [0, al] I a g Z + u {0} } u { [0, al] I a 
e Z 7 , +) be a pure neutrosophic interval bisemigroup. Clearly 
V is not a Smarandache pure neutrosophic interval bisemigroup. 

We have the following interesting theorems the proof of 
which is left as an exercise. 

Theorem 1.1.3: Let V=V] uV 2 - {[0, all I a e z p , +} u([0, 
bl] I b € Z q , +1 (p and q are two distinct primes) be a pure 
neutrosophic interval bisemigroup. V is not a S-pure 
neutrosophic interval bisemigroup. 

THEOREM 1.1.4: Let V=Vi uV 2 - {[ 0 , all I a e Z p , x] u{[0, 
bl] I b e Z q , x] (p and q two distinct primes) be a pure 
neutrosophic interval bisemigroup. V is a S-pure neutrosophic 
interval bisemigroup. 

Proof: Take H = tL u H 2 = {[0, al] I a e {1, p - 1}, x} u {[0, 
bl] I b g )1, q - 1}, x] c V is a pure neutrosophic interval 
bigroup of V. Also M = Mj u M 2 = { [0, al] I a g Z p \ {0}. x} u 
{ [ 0, bl] I b g Z p \ { 0 } , x } c V is a pure neutrosophic interval 
bigroup. Thus V is a S-pure neutrosophic biinterval semigroup. 

We have a class of S-pure neutrosophic biinterval 
semigroup as well as a pure neutrosophic interval bisemigroup 
which is not Smarandache. 

THEOREM 1.1.5: Let S = S 2 uS 2 = {[0, al] I a e R + u{0], +} 
u {[0, al] \ a e Z p , +} (p a prime) be a pure neutrosophic 
interval bisemigroup. S is not a S-pure neutrosophic interval 
bisemigroup. 

THEOREM 1.1.6: Let M = M, uM 2 = {[0, al] I a e Z + u{0], 
+] U I [0, bl] I b e Z q , +} (q a prime) be a pure neutrosophic 
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interval bisemigroup. M is not a S-pure neutrosophic interval 
bisemigroup. 

Now we proceed onto define the concept of 
homomorphisms of pure neutrosophic interval bisemigroups 
using the pure neutrosophic intervals. 

Let V = Vi u V 2 and S = Si u S 2 be any two pure 
neutrosophic interval bisemigroups. A bimap r| = rp u r) 2 = 
V — > S such that rp : Vi — > Si and r\ 2 ■ V 2 — > S 2 are pure 
neutrosophic homomorphisms will be known as the pure 
neutrosophic interval bisemigroup homomorphisms. 

Consider V = Vj u V 2 = {[0, al] I a e Z + u {0}, +} u {[0, 
al] I a e Z 12 , x} be a pure neutrosophic interval bisemigroup. W 
= W[U W 2 = {[0, al]lae Q + u{0},+} u{[0, al] I a e Z 24 , x} 
be a pure neutrosophic interval bisemigroup. r| : V — > W 
defined by r| = rp u rp : Vi u V 2 — )W[U W 2 given by rp : Vi 
— > Wi and rp : V 2 — > W 2 such that rp ([0, al]) 1 — > [0, al] and 
rp ([0, al]) 1 — > [0, 2al]). 

It is easily verified r| = rpurpisa pure neutrosophic 
interval bisemigroup homomorphism. Interested reader can 
define bikernel of a pure neutrosophic interval bisemigroup 
homomorphism. Now we call S = {([0, ad], .... [0, a n I]) where 
a; e Z n or Z + u { 0 } or Q + u { 0 } or R + u { 0 } } as a pure 
neutrosophic interval row matrix, 1 < i < n. Clearly (S, +) is a 
semigroup. (S, x) is also a semigroup. 



But if we consider H = 



[0,ad] 

[0,a 2 I] 



where a; e Z n or Z + u 



[0,a n I] 



{0} or Q + u {0} or R + u {0}; 1 < i < n} then H is only a pure 
neutrosophic semigroup under addition as multiplication is not 
compatible. 
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Suppose M = < 



T [o, ai i] . 


■ [0, a n I] 1 


[0,b,I] . 


■ [0,b n I] 


[O.mJ] . 


■ [0,m n I]J 



or Z + u { 0 } or Q + u { 0 } or R + u { 0 } } be a collection of m x n 
pure neutrosophic interval matrices m ^ n then M is only a 
interval pure neutrosophic semigroup under addition and under 
multiplication M is not compatible. If however m = n, M will 
be a semigroup under addition as well as multiplication. 



Let P =j^[0.al]x‘ 



a ; e Z n or Z + u {0} or Q + u {0} or 



R + u { 0 } } , P is a pure neutrosophic interval polynomial 
semigroup under addition as well as multiplication. Take K = 



2>al]x‘ 



n < oo, a ; e Z n or Q + u { 0 } or Z + u { 0 } or R + u 



{0}; 0 < i < n}; K is only a pure neutrosophic interval 
semigroup under addition. However if we impose the condition 
x n = 1 then K is closed under multiplication. 

We will be using these types of pure neutrosophic interval 
semigroups to construct bisemigroups. The definition needs no 
modification. We give only examples of them. 



Example 1.1.18 : Let P = Pi u P 2 = {([0, aj], ..., [0, a 8 I]) I a ; e 

[0, ai I] 

[0,a 2 I] 



Z + u {0}, 1 <i < 8, x} u 



[0, a 10 I] 



£ Z25 , 1 < i < 10, +} 



be the pure neutrosophic interval bisemigroup. 
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Example 1.1.19: Let K = Ki u K 2 = 



T [ 0 ,a x I] 


[ 0 ,a 2 I] 


[ 0 ,a 3 I] 


[ 0 ,a 4 I] " 




[ 0 ,a 8 I] 


[ 0 ,a 5 I] 


[ 0 ,a 6 I] 


[ 0 ,a 7 I] 


^ Z 12 ; 1 < i < 12, +} 


|_[0, a I 0 I] 


[ 0 ,a 9 I] 


[ 0 ,a,,I] 


[ 0 ,a 12 I]_ 





u 



T [ 0 , ai I] [ 0 ,a 2 I] 

[ 0 ,a 3 I] [ 0 ,a 4 I] 

< 

|_[ 0 , a 17 I] [ 0 ,a 18 I] 



e Z 15 ; 1 < i < 18, +} 



be a pure neutrosophic interval biscmigroup. Clearly K is 
commutative and is of finite order. 



Example 1.1.20: Let K = K| uK 2 = 

{ 20 

2>, a.IJx 1 a; e Q + u {0}; 0 < i < 20, +} u 



a; e Z + u {0} , 1 <i<25, +} 



be a pure neutrosophic interval bisemigroup of infinite 
order. 




Example 1.1.21: Let G = Gi u G 2 = 

T [0,a,I] [0,a 2 I] [0,a 3 I]l 
< [0, a 4 I] [0,a 5 I] [0,a 6 I] a, e Z 5 ; 1 < i < 9, +} 
|_[0,a 8 I] [0,a 7 I] [0,a 9 I]J 



u 




a ; e Z 8 , 0 < i < 7, +} 



be a pure neutrosophic interval biscmigroup. P is of finite order 
and is commutative. 
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Example 1.1.22: Let W = W L u W 2 = \ ^[O.aflx 1 a,eZ + u 

[i=0 

{0}, +, 0 < i < 20} u J ^[O.a^Jx 1 ai e Z 9 ; 0 < i < 35, +} be a 

[i=0 

pure neutrosophic interval bisemigroup of infinite order. We 
can define substructures. This is a matter of routine and hence 
is left as an exercise to the reader. However we give examples. 

T [o, ai i] 1 

[0,a 7 I] 

Example 1.1.23: Let V = l . 2 a ; e Q + u {0}, 1 < i < 

|_[0, a 15 I] J 

15, +} u {([0, ai I], [0, a 2 I], .... [0, a 10 I]) I a, e Q + u {0}, 1 < i < 
10, x} be a pure neutrosophic interval bisemigroup. 



+ } 




u {([0, ad], [0, ad], [0, a 3 I] , 0 ... 



Q + u{0}, 1 < i < 3, 



0) I a, e Q + u {0}, 
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1 < i < 3, x } c Vis a pure neutrosophic interval bisubsemigroup 
of V. Infact M is not a pure neutrosophic interval biideal of V. 

T [0,aj] 1 

[0,a 2 I] 

P = P lU P 2 =j . a; £ Z u {0}, 1 < i < 15, +} u 

|_[0, a 15 I] J 

{([0, ail], [0, a 2 I], [0, a 10 I]) I a, e Z + u {0}, 1 <i < 10, x} c 

V is a pure neutrosophic interval bisubsemigroup of V and is 
not a biideal of V. Thus we have bisubsemigroups which are 
not biideals of V. 



Example 1.1.24: Let M = Mj u M 2 = 



IT[0,a 1 I] [0,a 2 I]~ 
||_[0,a 3 I] [0,a 4 I] 




u 



T[0, ai I] [0,a 2 I] [0,a 3 I]l 

0 [0,a 4 I] [0,a 5 I] a, e Z + u{0},l<i<6,x > be a pure 

L 0 0 [0, a 6 I] J 

neutrosophic interval bisemigroup. 

Consider P = Pi u P 2 = 



rr[o.a x i] o 

(L 0 [0,a 2 I] 



a t e Z 12 ,l<i <2,x> u 



[0, ai I] [0,a 2 I] [0,a 3 I]l 

0 [0,a 4 I] [0,a 5 I] a i e 5Z + u{ 0},1 <i <6,x > c 

0 0 [0, a 6 I] J 



Mi u M 2 = M, P is not only a pure neutrosophic interval 
subsemigroup of M but is also a pure neutrosophic interval 
biideal of M. 
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Example 1.1.25: Let B = B [ u hL = 

{ECO,., 1 * 1 a i eZ + u{0},x| u 

" [0, a,I] [0,a 2 I] [0, a 3 I] 1 

[0,a 4 I] [0,a 5 I] [0,a 6 I] 

[0,a 7 I] [0,a 8 I] [0,a 9 I] a, e Z go ,l<i < 15,+ > be a pure 

[0,a 10 I] [0,a n I] [0,a 12 I] 

[0,a 13 I] [0, a 14 I] [0,a 15 I]J 

neutrosophic interval bisemigroup. Take T = T| uT 2 = 
ajl]x‘ a t e 5Z + u{0},x| u 

[0,a,I] 0 [0,a 2 I]l 

0 [0,a 3 I] 0 

[0,a 4 I] 0 [0, a 5 I] a,eZ 90 ,l<i<8,+ cB = 

0 [0,a 6 I] 0 

[0, a 7 I] 0 [0,a 8 I]J 

Bi u B 2 is only a pure neutrosophic interval subbisemigroup of 
B. Now we can build quasi interval pure neutrosophic 
bisemigroup S = Si u S 2 by taking only one of Si or S 2 to be 
pure neutrosophic interval semigroup and the other to be just a 
pure neutrosophic semigroup. 

We will give some examples. 

Example 1.1.26: Let V = ViuV 2 = 

T [0,a,I] [0,a 2 I]l 

< [0, a 3 I] [0,a 4 I] a, e Z + u{0},l<i <6,+ > u { (aj, a 2 I, a 3 I, 

|_[0, a 6 I] [0, a 5 I] J 

a 4 I) I ai e Z + u {0}, 1 < i < 4, x} be a quasi interval pure 
neutrosophic bisemigroup. 
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Example 1.1.27: Let V = Vi u V2 = {([0, ad], [0, a 2 I], 
[0, a 9 I] I a ; e Z 40 , 1 < i < 90, x} u 



a ll 


a 2 I 


a 3 I 


a 4 I 


a 5 I 


a 6 I 


a 7 I 


a s 1 


a 9 I 


a io^ 


a n! 


a i 2 I 


a^I 


a u 1 


a i5 T 




a n I 


a i8^ 


a i 9 I 


a 20 I 


a 2 il 


a 22 I 


a 23^ 


a 2 4 I 



a , G Z 240 ,l <i < 24,+ 



be a quasi interval pure neutrosophic bisemigroup. 



Example 1.1.28: Let M = Mi u M 2 = 



a,I 

a 2 I 



a t e Z + u{0},l<i <12, + > 



u {([0, ad], [0, a 25 I]) I a ; 



[M I J 

e Z + u {0}, 1 < i < 25, +} be a quasi interval pure neutrosophic 
bisemigroup. 



Example 1.1.29: Let P = Pi u P 2 = {all n x n pure neutrosophic 
matrices with entries from Z15I under x} u {all n x n pure 
neutrosophic interval matrices with entries from Z + I u {0} 
under x } be a quasi interval pure neutrosophic bisemigroup. 



Example 1.1.30: Let M = Mi u M 2 = { Z 2 i 9 I, x} u { [0, al] I a e 
Z 40 , x) be a quasi interval pure neutrosophic bisemigroup of 
finite order. 



Example 1.1.31: Let M = Mi u M 2 = 






a, e Z + u{0},+ 



u 
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^[O.ajIJx 1 



a, g Z + u{0},x 



be a quasi interval pure neutrosophic bisemigroup of infinite 
order. 

Now having seen examples of quasi interval pure 
neutrosophic bisemigroups we can now proceed onto define 
substructures in them. This is infact a matter of routine and 
hence left for the reader. We give a few examples of them. 



Example 1.1.32: Let V = Vi u V 2 = 

a, e Z + u{0},l<i <4,+l u 



[0.a,I] [0,a 2 I] 

[0,a 3 I] [0,a 4 I] 

jfx * 1 

L=0 



a, e Z + u{0},0 <i < 25.+ 



be a quasi interval pure neutrosophic bisemigroup of infinite 
order. Consider 



H = fL u H 2 = 



[O.ajI] [0,a 2 I] 
0 [0,a 3 I] 



a, g 3Z + u{0},l<i <3, + > u 



ZMx 1 



a, g 5Z + u{0},0<i <10, + 1 c Vi u V 2 = V; 



H is a quasi interval pure neutrosophic bisubsemigroup of V and 
is not a biideal of V. 



Example 1.1.33: Let P = Pi u P 2 = 



[O.aJ] [0,a 2 I] 
< [0,a 4 I] [0,a 5 I] 
|_[0,a 7 I] [0,a 8 I] 



[0,a 3 I] 

[0,a 6 I] 

[0,a 9 I] 



a; g Z + u{ 0},1 <i <9,x> 



u 



a,I 


a 2 I 


a 3 I 


a 4 I 


a 5 I 


a 6 I 


a 7 I 


a 8 I 


a 9 I 


a io^ 


a n! 


a i 2 I 


a i 3 I 


a l 4 I 


a 15 I 


a i 6 I 



a ; g Z 



240 ’ 



1 <i < 16, x> 
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be a quasi interval pure neutrosophic bisemigroup. Consider H 
= H[ u H 2 = 



[O.aJ] 0 

< 0 [0,a 2 I] 

0 0 



0 

0 

[0,a 3 I] 



a, e Z + u{0},l<i <3,x 



u 



a lI 


a 2 I 


a 3 I 


a 4 I 


a 5 I 


a 6 I 


a 7 I 


a 8 I 


a 9 I 


a io^ 


a u I 


a i 2 I 


a i 3 I 


a M I 


a 15 I 


a i 6 I 



a; e {0, 2, 4, 6, 8, 236, 238} c 



Z 2 4 o, 1 < i < 16, x}c Pi u P 2 = P be a quasi interval pure 
neutrosophic bisubsemigroup of P. Infact H is also a quasi 
interval pure neutrosophic biideal of P. 

Now we can define quasi pure neutrosophic interval 
bisemigroup, S = S 2 u S 2 to be a bisemigroup in which one of 
Si or S 2 is a pure neutrosophic interval semigroup where as the 
other is just an interval semigroup. 

We will illustrate this situation by an example or two. 



Example 1.1.34: Let S = Si u S 2 = { [0, al] I a e Z + u {0}, x} 
u {[0, a] I a e Q + u {0}, +} be a quasi pure neutrosophic 
interval bisemigroup of infinite order. 



Example 1.1.35: Let N = Ni u N 2 = {([0, ad], [0, a 2 I], [0, a 3 I]) 

"[0,a,]' 

[0, a 2 ] 

[0,a 3 ] 

[0, a 4 ] 

[0,a 5 ] 

[0,a 6 ] 



a; e Z 20 , 1 < i < 30, x} u 



a, e Z 12 ,l <i < 6,+ 



be a 



quasi pure neutrosophic interval bisemigroup of finite order. 
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Example 1.1.36: Let V = Vi u V 2 = 

frtO,a,I] [0,a 2 I] [0,a,I] [0,a 4 I] [0,a 5 I]l 
1 ~ a, e Z 40 ,l <1 <10,+ 

[1_[0, a 6 I] [0,a 7 I] [0,a 8 I] [0,a 9 I] [0,a 10 I]J 

u {5 x 5 interval matrices with intervals of the form [0, a] 
where a e Z 5 under multiplication} be a finite quasi pure 
neutrosophic interval bisemigroup which is non commutative. 

Substructures can be defined and illustrated by any 
interested reader as it is direct and simple. Now if in a 
bisemigroup S = Si u S 2 one of Si or S 2 is a pure neutrosophic 
interval semigroup and the other is just a semigroup then we call 
S = Si u S 2 to be a quasi pure neutrosophic quasi interval 
bisemigroup. 

We will illustrate this situation by some examples. 

Example 1.1.37: Let V = Vi u V 2 = { [0, al] I a e Q + u {0}, x} 
u {Z + u {0}, +} be a quasi pure neutrosophic quasi interval 
bisemigroup. 

Example 1.1.38: Let M = M,uM 2 = {([0. al], [0. bl], [0. cl], 

T a i 

a 2 

a i 

[0, dl]) I a, b, c, d e Z 40 , x) u ~ where a; e Zi 5 , 1 < i < 6, 

a 4 

a 5 

i a 6- 

+ } be a quasi pure neutrosophic quasi interval bisemigroup. 

Example 1.1.39: Let T = Ti u T 2 = 

[O.aJ] ... [0,a 5 I] 

[0,a 6 I] ... [0,a 10 I] 

[0,a 21 I] ... [0, a 25 I] 
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{All 8x8 matrices with entries from Z 25 under multiplication} 
be a non commutative finite quasi pure neutrosophic quasi 
interval bisemigroup. 



Example 1.1.40: Let M = Mi u M 2 - 



Z[0,al]x‘ 



ae Q + u{0},x 



u 



{all 8 x 8 matrices with entries from Q + u {0} under product} 
be a quasi pure neutrosophic quasi interval bisemigroup of finite 
order which is non commutative. 



Let W = Wi u W 2 = 



Z[0,al]x‘ 



aeZ + u{0},x 



u {all 8 x 8 matrices with entries from Z + u{0}, x}cMjU 
M 2 = M be a quasi interval quasi pure neutrosophic 
bisubsemigroup of M, this is also non commutative. 



Example 1.1.41: Let V = V]UV 2 = 






^ i=0 
' 20 



aj e Q + u{0},0<i <9, + > u 



Z[°- aI ] xl 



a i eZ + u{0},0<i<6,+ 



be a quasi pure neutrosophic quasi interval bisemigroup. 
M = MjuM 2 = 

6 






aj g Z + u{0},0<i<6,x> u 






ae 3Z + u{0},0 <i < 20 



be a quasi pure neutrosophic quasi interval bisubsemigroup of 
V. Clearly M is not a quasi pure neutrosophic quasi interval 
biideal of V. 



Example 1.1.42: Let M = { [0, al] I a e Q + u {0}, +} u { [0, a] I 
a g R + u {0}, +} be a quasi pure neutrosophic interval 
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bisemigroup. Clearly M has no biideals but infinitely many 
subbisemigroups. 

We now proceed onto define the notion of mixed 
neutrosophic interval bisemigroup. 

Let S = SiUS 2 ifSi and S 2 are mixed neutrosophic distinct 
interval semigroups then we call S to be a mixed neutrosophic 
interval bisemigroup. Even if we do not use the term mixed but 
say neutrosophic interval bisemigroup still the term will mean 
only mixed neutrosophic intervals and not pure neutrosophic 
intervals. 

We will illustrate this situation by some examples. 

Example 1.1.43: Let V = Vi u V 2 = {[0, a+bl] I a, b e Z + u 
{0}. x} u {[0, a+bl] I a. b g Z 1 2 i x} be the neutiosophic interval 
bisemigroup. Clearly V is of infinite order and is commutative. 

Example 1.1.44: Let M = Mj u M 2 = {([0, ai+bj], [0, a 2 +b 2 I], 
[0, a 3 +b 3 I]) I a,, b; e Z + u {0}, 1 < i < 3, +} u 

[O.aj+bjl] 

[0.a 2 +bj] 

[0,a 9 +b 9 I] 

be an infinite commutative neutrosophic interval bisemigroup. 




Example 1.1.45: Let M = Mj u M 2 = 



^[0,a + bl]x‘ a,beZ + u{0},) 



"[0,^+bjI] [0,a 2 + b 2 I] 

[0,a 3 +b 3 I] [0,a 4 + b 4 I] 
[0,a 5 +b 5 I] [0,a 6 +b 6 I] 
[0,a 7 +b 7 I] [0,a 8 + b 8 I]_ 



ai, b; e Z90, 1 < i < 8, +} 



be a neutrosophic interval bisemigroup. 

We can in case of neutrosophic interval bisemigroups have 
the concept of 6 types of bisubsemigroups. 
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Suppose S = Si u S 2 is a neutrosophic interval bisemigroup 
and if P = Pi u P 2 c Si u S 2 = S where Pi and P 2 are mixed 
neutrosophic interval semigroups then P is a neutrosophic 
interval bisubsemigroup of S. If M = Mi u M 2 is such that M, 
c Si is a pure neutrosophic interval subsemigroup for i=l, 2 
then we call M to be a pseudo pure neutrosophic interval 
subbisemigroup of S. 

Let T = Ti u T 2 c Si u S 2 be such that both Ti and T 2 are 
just interval semigroups then we define T to be a pseudo 
interval subsemigroup of S. Take V = V[ u V 2 c Si u S 2 
where one of Vi or V 2 is a mixed neutrosophic interval 
semigroup and other a pure neutrosophic interval semigroup 
then we call V to be a mixed pure neutrosophic interval 
subbisemigroup. 

Consider B = Bi u B 2 c Si u S 2 ; where Bi or B 2 is a mixed 
neutrosophic interval semigroup and the other is just a interval 
semigroup then we call B to be a mixed interval neutrosophic 
and interval bisubsemigroup of S. 

Likewise if C = Ci u C 2 where Ci is a pure neutrosophic 
interval semigroup and C 2 is just a interval semigroup then we 
call C = Ci u C 2 to be a pure neutrosophic interval and interval 
subbisemigroup. 

We will illustrate these six types of subbisemigroups by 
some examples. 

Example 1.1.46: Let V = Vj u V 2 = {([0, ai+bj], [0, a 2 +b 2 I], 
[0, a 3 +b 3 I], [0, a 4 +b 4 I], [0, as+bsl]) I ai, b; e Z 10 , 1 < i < 5, +} tj 
[O.a! + b,I] [0,a 2 +b 2 I] [0,a 3 +b 3 I] 

[0.a 4 + b 4 I] [0,a 5 +b 5 I] [0.a 6 +b 6 I] 

[0,a 7 +b 7 I] [0,a 8 +b 8 I] [0,a 9 +b 9 I] 

[0,a 10 +b 10 I] [0,a u + b n I] [0,a 12 +b 12 I] 

< 12, +} be a neutrosophic interval bisemigroup. 

Consider H = Hi u H 2 = {([0, ai+bil], [0, a 2 +b 2 I], [0, 
a3+b3l], [0, a 4 +b 4 I], [0, as+bsl]) I ai, b; e {0, 2, 4, 6, 8} c Z 10 , 



a is bi e Zi 5 , 1 < i 
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[(Uj+bJ] [ 0 ,a 2 +b,I] [ 0 ,a 3 +b 3 I] 

1 < i < 5, + } u < : : : 

_[ 0 ,a 10 +b 10 I] [ 0 ,a n +b n I] [ 0 ,a 12 +b 12 I] 

a„ b; g {0, 3, 6 , 9, 12} c Z 15 , 1 < i < 12, +}c V! u V 2 - V is a 
neutrosophic interval bisubsemigroup of V. 

[ 0 , ai I] [ 0 , a 2 I] [ 0 ,a 3 I]l 

[ 0 ,a 4 I] [ 0 , a 5 I] [ 0 ,a 6 I] 

[ 0 ,a 7 I] [ 0 ,a 8 I] [ 0 ,a 9 I] 

[ 0 , a 10 I] [ 0 , a n I] [ 0 ,a 12 I]J 

g Zi 5 , 1 < i < 12, +} c Vi u V 2 = V, T is a mixed pure 
neutrosophic interval subbisemigroup of V. 

Let W = W[ u W 2 = {([0, ad], [0, a 2 I], [0, a 3 I], [0, a 4], [0, 
a 5 I]) I a; g Z 10 , 1 < i < 5, +} u T 2 c Vi u V 2 = V be a pseudo 
pure neutrosophic interval subbisemigroup of V. 

Consider L = Lj u L 2 = {([0, ai], [0, a 2 ], [0, a 3 ], [0, a 4 ], 

[ 0 , aj [ 0 ,a 2 ] [ 0 ,a 3 ] 1 

[ 0 ,a 4 ] [ 0 ,a 5 ] [ 0 ,a 6 ] 

[ 0 ,a 7 ] [ 0 ,a 8 ] [ 0 ,a 9 ] 

[ 0 ,a 10 ] [ 0 ,a n ] [ 0 , a 12 ]J 

a ; g Zi 5 , 1 < i < 12, +} c Vi u V 2 = V is a pseudo neutrosophic 
interval bisubsemigroup. 

Consider N = Ni u N 2 = Li u T 2 c Vi u V 2 is a interval 
pure neutrosophic interval subbisemigroup of V. 

Take R = R[ u R 2 = Hi u L 2 c Vi u V 2 , R is a mixed 
interval neutrosophic interval subbisemigroup of V. 

Example 1.1.47: Let V = V,uV, = {([0, a+bl] I a, b g Z + u 
{ 0 } , + } u { [ 0 , a+bl] I a, b g Z 2 4 , + } be a mixed neutrosophic 
interval bisemigroup. 

i) Let M = Mj u M 2 = {[0, a+bl] I a, b g 3Z + u {0}, +} u 
{[0, a+bl] I a, b g {0, 2, 4, 6 , 8 , 10, ..., 22} cZ 24 , +} c 
Vi u V 2 be a mixed neutrosophic interval 
bisubsemigroup of V. 



[0, as]) I g Z10, 1 < i < 5, +} u 



Take T = Tj uT 2 = Hi u 
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ii) Let T = Ti u T 2 = {[0, al] I a g Z + u {0}, +} u {[0, al] 

I a g Z 24 ; + } c Vi u V 2 be a pseudo pure neutrosophic 
interval bisubsemigroup of V. 

iii) Consider S = Si u S 2 - { [0, a] I Z + u {0}, +} u { [0, b] I 
b g Z 24 ; +} c Vi u V 2 = V, S is the pseudo 
neutrosophic interval bisubsemigroup of S. 

iv) Take W = Wi u W 2 = {[0, a+bl] I a, b e 5Z + u {0}, +} 
u {[0, al] I a g { 2Z 24 } c Z 24 , tjc^u V 2 , W is a 
mixed- pure neutrosophic interval bisubsemigroup. 

v) Let N = Nj u N 2 = {[0, a+bl] I a. b g 5Z + u {0}. +} u 
{[0, a] I a g Z 24 , t) c Vi u V 2 , N is a mixed 
neutrosophic interval interval subbisemigroup. 

vi) D = D[ uD 2 = {[0, a] la g 7Z + u {0}, +} u {[0. al] I a 
g Z 24 , +} c Vj u V 2 is a interval neutrosophic pure- 
interval bisubsemigroup. 

It is pertinent to mention here that all types of 
neutrosophic interval bisemigroups cannot be biideals. 

For instance consider the following types of 
bisubsemigroup of a mixed neutrosophic interval bisemigroup. 

(1) S = Si u S 2 be a mixed neutrosophic interval 
bisemigroup. 

P = Pi u P 2 = { [0, a] I a is real} u {any real interval 
subsemigroup } of Si u S 2 . P is only a bisubsemigroup 
and never a biideal of S. 

(2) lfT = TiuT 2 = {real interval semigroup} u {pure 
neutrosophic interval semigroup } is a bisubsemigroup, 
then T is not a biideal. 

(3) W = W[UW 2 = {real interval semigroup} u {mixed 
neutrosophic interval semigroup} c Si u S 2 is only a 
bisubsemigroup and never an ideal. 

However the mixed neutrosophic interval bisubsemigroup, 
pseudo pure neutrosophic interval bisubsemigroup and mixed 
pure interval neutrosophic interval bisubsemigroup can be 
sometimes biideals. 

We will give some examples of them before we proceed 
onto work with other types of interval bisemigroups. 
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Example 1.1.48: Let V = Vi u V 2 = {[0, al+b] I a, b g Z + u 
{ 0 } , x } u { [0, a+bl] I a, b g Z 40 , x } be a mixed neutrosophic 
interval bisemigroup. H = Hi uH 2 = {[0, a+bl] I a, b g 5Z + u 
{0}, x} u {[0, al+b] la, be {0, 4, 8, 36} cZ 40 , xj cViU 

V 2 be a mixed neutrosophic interval bisubsemigroup of V. 
Clearly H is a biideal of V. 

T = 14 u T 2 = {[0, al] I a g Z + u {0}, x} u {[0, bl] I b g 
Z 40 , x} c Vi u V 2 be a pseudo pure neutrosophic interval 
bisubsemigroup of V. T is also a biideal of V. Consider L = Li 
uL 2 = {[0, a+bl] la, be 3Z + u {0}, x} u {[0, al] I a g Z 40 , x} 
c Vi u V 2 be a mixed pure neutrosophic interval 
bisubsemigroup. L is a biideal of V. 

Now R = Ri u R 2 = {[0, a] I a e Z + u {0}, x} u {[0, a] I a 
g Z 40 , xj c Vi u V 2 is a bisubsemigroup of V but R is not a 
biideal. Likewise D = Di u D 2 = {[0, a] I a e Z + u {0}, x} u 
{ [0, a+bl] I a, b g 2Z 40 , x } is a subbisemigroup which is not a 
biideal of V. 

Also P = Pi u P 2 = { [0, a] I a g Z + u{0},x} u{[0, a] I a g 
Z 40 , x} c Vi u V 2 is only a bisubsemigroup of V and is not a 
biideal of V. 

Now we can develop all other properties in case of mixed 
neutrosophic interval bisemigroup as in case of pure 
neutrosophic interval bisemigroup. 

However we can define mixed - neutrosophic interval - pure 
neutrosophic interval bisemigroup or mixed - pure neutrosophic 
interval bisemigroup. 



Example 1.1.49: Let V = Vj u V 2 = 

V [0,al] [0,brp 



[0,cl] [0,dl] 



a,b,c,dG Z 20 ,x 



^{([0, ai+bd], [0, a 2 +b 2 I], 



..., [0, a 8 +b 8 I]) where ai, b ; g Z + u {0}, x, 1 < i < 8} be the pure 
- mixed neutrosophic interval bisemigroup. 

Real interval mixed neutrosophic interval bisemigroup is 
illustrated by the following example. 
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Example 1.1.50: Let M = Mi u M 2 = 



frto.a] 


[O.b] 


[0, c] 


[0,d]" 


||_[0.e] 


[0,f] 


[O.g] 


[0,h]_ 



a,b,c,d,e,f,g,he Z + u{0},+ 



u 



[0,a, + b,I] 
[0,a 2 +b 2 I] 



a ,.b 1 e Q + u{ 0},+;1 <i <9 > 



[[[0,a 9 +b 9 I]J| 

be the real interval mixed neutrosophic bisemigroup. 



We can still have mixed neutrosophic interval pure 
neutrosophic bisemigroup or quasi interval mixed pure 
neutrosophic bisemigroup. We have illustrated them by the 
following examples. 



Example 1.1.51: Let V = V t u V 2 = 



a,I 


a 2 I 


a,I 


a 4 I 


a 5 I 


a 6 I 


a 7 I 


a 8 I 


a 9 I 


a ioI 


a ii! 


a i 2 I 


a i 3 I 


a l 4 I 


a 15 I 


a i 6 ! 



a i G Z 25 ,l <i <16, + > 



u 



[O.a, + bjl] 
[0.a 2 +b 2 I] 



a, + br e Z 45 ,l<i <12,+ 



_[0,a 12 +b 12 I] 

be a quasi interval mixed pure neutrosophic bisemigroup. 
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Example 1.1.52: Let M = Mj u M 2 = 



+b,I 


a 2 + b 2 I 


a, +b,I 


a 4 +b 4 I 


a 5 + b,I 


a 6 +b 6 I 


a 7 +b 7 I 


a 8 + b 8 I 


a 9 +b 9 I 


a io b 10 I 


a n + b n I 


^12 ^12^ 


a 13 + b 13 I 


a i4 + b 14 I 


a i5 “*"^15^ 


a 16 +b 16 I 


a n + b 17 I 


a i8 + t) 18 I 



ai ,bj e Q + u{ 0},+,1 <i <18 



u 



X[0,al]x’ 



be a quasi interval mixed 
bisemigroup. 



aeQ + u{0},xj 

- pure neutrosophic interval 



Example 1.1.53: Let L = L| u L 2 = 



^[Q.aiJx 1 



a, g Z + u{0},xl u 



u 


n' 

o 




J 1 


a l 


+ b,I 


a 2 


+ b 2 I 


a 3 


+ b 3 I 


a 4 


+ b 4 I 


a 5 


+ b 5 I 


a 6 


+ b 6 I 


a 7 


+ byl 


a 8 


+ b 8 I 


a 9 


+ b 9 I 


a io 


+ b 10 I 


a n 


+ b M I 


a i2 


+ b 12 I 



a i ,b i GQ + u{0},+,l<i<12,+ 



be a quasi interval real - mixed neutrosophic bisemigroup. 

Example 1.1.54: Let M = M[ u M 2 ={8x8 matrix with 
entries from R + u { 0 } , x } u 



a, + b,I 


a 2 +b 2 I 


a, +b,I 


a 4 + b 4 I 


a 5 +b 5 I 


a 6 + b 6 I 


a 7 +b 7 I 


a 8 + b 8 I 


a 9 + b 9 I 


a io "f b 10 I 


a H +b n I 


a i 2 + b 12 I 



a i ,b i eQ + u{0},+,l<i<12,+ 



quasi interval real - mixed neutrosophic bisemigroup. 



be a 
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Having seen examples of mixed neutrosophic interval 
bisemigroup and their generalization we proceed onto discuss 
and define neutrosophic interval bigroups. 

1.2 Neutrosophic Interval Bigroups 

In this section we proceed onto define the notion of pure 
neutrosophic interval bigroups and mixed neutrosophic interval 
bigroups and describe and define their related properties. It is 
important to mention neutrosophic groups in general need not 
have a group structure. 

DEFINITION 1.2.1: Let G = Gj czG? where both Gj and Go are 
pure neutrosophic interval groups and G t ^ G 2 or G/ czT G 2 or 
G2 Z G/. Then we define G to be pure neutrosophic interval 
bigroup. 

We will illustrate this situation by some examples. 

Example 1.2.1: Let G = Gi u G 2 = { [0, al] I a g Z 20 , +} u { |0, 
bl] I b g Q + , x) be a pure neutrosophic interval bigroup of 
infinite order and is abelian. 



Example 1.2.2: Let G = Gi u G 2 = { [0, al] I a g Z 7 \ {0}, x} u 
{ [0, al] I a g R + , x } be the pure neutrosophic interval bigroup of 
infinite order. 

Example 1.2.3: Let S = Si u S 2 = { [0, al] I a g Z 20 , +} u { [0, 
al] I a g Zn \ {0}, x} be the pure neutrosophic interval bigroup 
of finite order. 



Example 1.2.4: Let M = Mj u M 2 = {([0, ad], [0, a 2 I], ..., 
[0, ai 2 I]) I a; g Z40, 1 < i < 12, +} u 

[0, aj] 



[0,a 2 I] 

[0,a 15 I] 



a, 6 Z 40 ,l <i <15,+ 



be a pure neutrosophic 



interval bisemigroup of finite order. 
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Example 1.2.5: Let V = Vi u V 2 = 

I AI^O,aj e Z 19 \ { 0} , 1 < i < 4, x| u {[0, al] I 

a e R + , x } be a pure neutrosophic interval bigroup which is non 
commutative. 



fr [0,a x I] [0,a 2 I] 
||_[0,a 3 I] [0,a 4 I] 



Example 1.2.6: Let T = Tj u T 2 = {([0, aj], [0, a 2 I], [0, 

S 25 I]) I e Z31 \ {0},x, 1 <i< 25, +} tj 

[0, aj] [0,a 2 I] [0, a 3 I] [0,a 4 I] [0,a 5 I] 

[0, a 6 I] [0,a 7 I] [0,a 8 I] [0,a 9 I] [0,a 10 I] 

[0, a, ,1] [0,a 12 I] [0,a 13 I] [0,a 14 I] [0,a 15 I] | | a ; e Z 200 , 

[0,a 16 I] [0,a 17 I] [0,a 18 I] [0,a 19 I] [0,a 20 I] 

[0,a 21 I] [0,a 22 I] [0,a 23 I] [0,a 24 I] [0,a 25 I] 



1 < i < 25, +} be a pure neutrosophic interval bigroup of finite 
order and is commutative. 

We can define subbigroups, this is direct and hence left as 
an exercise to the reader. 

We will give examples of them. 



Example 1.2.7: Let G = Gi u G 2 = {[0, al] I a e Z 40 , +} u 
{[0, bl] I b e Z 43 \ {0}, xj be a pure neutrosophic interval 
bigroup. Take P = Pi u P 2 = { [0, al] I a e 2Z 40 , +} u { [0, bl] I 
be {1, 42}, x} c Gi u G 2 = G, P is a pure neutrosophic 
interval subbigroup of G. 



Example 1.2.8: Let M = Mj u M 2 = {[0, al] I a e Q + , x] 
[O.a,!]" 



u 



[0,a 2 I] 

[0,a 3 I] 

[0,a 4 I] 

[0,a 5 I] 



a, e Z 25 ,l <i <5,+ 



be a pure neutrosophic 



interval bigroup. Take P = Pi u P 2 = { [0, al] I a e {2 n , 
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0, 1, 2, °o} c Q + , x} u 




c 



Mi u M 2 = M, P is a pure neutrosophic interval subbigroup 
of M. 



Example 1.2.9: Let M = Mj u M 2 = {([0, a 4], [0, a 2 I], 

T [O.aJ] [0,a 2 I] 1 

. [0,a,I] [O.a.I] 

[0, a 24 I]) I ai e R , x} u . . where a; e Z 45 , 

|_[0,a 29 I] [0,a 30 I]J 



1 < i < 30, +} be a pure neutrosophic interval bigroup. We take 
S = S t u S 2 = {([0, ajl], [0, a 2 I], [0, a 24 I]) I a, e Q + , x} 




M; S is a pure neutrosophic interval bisubgroup of S. 



Example 1.2.10: Let V = V L u V 2 -{([0, a,I], [0, a 2 I], [0, a 3 I]) I 
ai e Zj 2 ; l<i<3, +}u {([0, a 4], [0, a 2 I], [0, a 3 I]) I a; e Zi 3 \ 
{0}; 1 < i < 3, x} be a pure neutrosophic interval bigroup. 
Consider M = Mj u M 2 = {([0, aj], [0, a 2 I], [0, a 3 I]) I a; e 2Z J2 ; 
1 < i < 3, +} u {([0, ai I], [0, a 2 I], [0, a 3 I]) I a, e { 1, 12} c Z 13 ; 
1 < i < 3, x} c V[ u V 2 ; M is a pure neutrosophic interval 
bisubgroup of V. 
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Now we can define normal bisubgroups as in case of usual 
bigroup. Let us define the order of a pure neutrosophic interval 
bigroup G = Gi u G 2 to be of finite order if both Gi and G 2 are 
finite; even if one of Gi or G 2 are of infinite order then we 
define G to be of infinite order. 

If both Gi and G 2 are of finite order we denote the biorder 
of G by IGil . IG 2 I or o (GO x o (G 2 ). 

It can be easily proved that if H = Hi u H 2 c Gj u G 2 = G 
where G is of finite biorder then o(H) / o(G). We can define 
homomorphism and isomorphism of pure neutrosophic interval 
bigroups as in case of pure neutrosophic interval bisemigroups. 

However in case of pure neutrosophic interval bigroups G 
we see bikernel of a homomorphism is a pure neutrosophic 
interval normal subbigroup of G. All these are direct and hence 
is left as an exercise to the reader. However we see we can 
define the notion of quasi interval pure neutrosophic bigroup. 
Suppose G = Gi u G 2 where only one of Gi or G 2 is pure 
neutrosophic interval group and the other is just a pure 
neutrosophic group then we define G to be a quasi interval pure 
neutrosophic bigroup. We will give some examples of them. 

Example 1.2.11: Let G = Gi u G2 = {Z25I, +} u {[ 0 , al] I a e 
Q + , x} be a quasi interval pure neutrosophic bigroup of infinite 
order. 

Example 1.2.12: Let M = Mj u M 2 = {[0, al] I a e Z 2 o, +} u 
{Q + l, xj be a quasi interval pure neutrosophic bigroup of 
infinite order. 

We can replace in the definition the pure neutrosophic 
intervals by mixed neutrosophic intervals and study these 
structures. We will illustrate this situation by some examples. 

Example 1.2.13: Let V = {[0, a+bl] I a, b e Z 90 , +} u {[0, 
a+bl] la.be Z 45 , + } be a mixed neutrosophic interval bigroup. 

Example 1.2.14: Let M = Mj uM 2 = { [0, a+bl] I a, b e Z 24 , +} 
u {[0, a+bl] I a, b e Z 12 , +} be a mixed neutrosophic interval 
bigroup of finite order. 

We can find substructures. 
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Example 1.2.15: Let M = Mj u M 2 = {[0, a+bl] I a, b g Z m , 

+ } u {[0, a+bl] I a, b e Z 45 , +} be a mixed neutrosophic 

interval bigroup of finite order. Consider H = Hi u H 2 = 
{[ 0 , a+bl] I a, b g { 0 . 10 . 20 , .... 110 } c Z 120 , +} u {[ 0 . a+bl] I 
a, b g {0, 5, 10, 15, 20, ..., 40} c Z 45 , +}cM,u M 2 , H is a 
mixed neutrosophic interval subbigroup of finite order. 

We cannot construct mixed neutrosophic interval bigroups 
using R + or Q + for finding inverse of a + bl is not a easy task. 

Now we can define different types of interval bigroups. 
The following examples express their properties. 

Example 1.2.16: Let V = Vi u V 2 = {[0, a] I a g R + , x} u 

{[0, al] I a g Z 20 , +} be a real-pure neutrosophic interval 

bigroup of infinite order. 

Example 1.2.17: Let M = Mj u M 2 = {([0, a, I], [0, a 2 I], 
[0, a 3 I]) I a ; g Z 40 , 1 < i < 3, +} u { [0, a] I a e Q + , xj be a pure 
neutrosophic - real interval bigroup of infinite order. 

Example 1.2.18: Let P = Pi u P 2 = S 5 u { [0, a] I a e Z 40 , +} be 
a quasi interval quasi pure neutrosophic bigroup of finite order 
which is non commutative. 







~ a i 


a 2 


a 3 _ 


Example 1.2.19: Let M = MjU M 2 = < 


A = 


a 4 


a 5 


a 6 






_ a 6 


a 7 


a 8. 



IAI 



^ 0 with a ; g Z 25 , 1< i < 9, x} u{ [0, al] I a g Z 25 , +} be a quasi 
interval pure neutrosophic bigroup of finite order. 



Example 1.2.20: Let M = Mj u M 2 = { S 42 } u {[0, a+bl] I a, b 
g Z 10 , +} be a quasi interval mixed neutrosophic bigroup of 
finite order. 



Example 1.2.21: Let S = Si u S 2 = { ZI, +} u {[0, a+bl] I a, b 
g Zi 4 , +} be a quasi interval neutrosophic bigroup of infinite 
order. 
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Example 1.2.22: Let M = Mi u M 2 = {Q + I, x} u {0, a+bl] I 
a, b e Z 28 , +} be the quasi interval neutrosophic bigroup of 
infinite order. 

Example 1.2.23: Let P = P| u P 2 = {[0. a] I a e Q + , x} u 
{ [0, al] I a e Q + , x } be the quasi neutrosophic interval bigroup 
of infinite order. 

Now we can define pure neutrosophic interval group - 
semigroup, mixed neutrosophic interval group - semigroup, 
quasi interval neutrosophic group - semigroup and so on. 

From the very structure one can easily understand the 
algebraic structure, so we would give only examples of them. 

Example 1.2.24: Let V = V, u V 2 = {[0, a] I a e Z + u{0), xj 
u {[0, al] I a e Z 20 , +} be a pure neutrosophic interval 
semigroup - group of infinite order. 

Example 1.2.25: Let M = Mj u M 2 = {[0, al] I a e Z 40 , x} u 
{([0, ai I], [0, a 2 I], [0, a 3 I], [0, a 4 I], [0, a 5 I]) I a, e Z 5 , 1 < i < 5} 
be a pure neutrosophic interval semigroup - group of finite order 
which is commutative. 

Example 1.2.26: Let T = Tj u T 2 = { [0, al] I a e Z + u {0}, x} 
u {[0, al] I a e Q + , x} be a pure neutrosophic interval 
semigroup - group of infinite order. 

Example 1.2.27: Let P = Pi u P 2 = {[0, al] I a e Z 45 , x} u 
{ [0, al] I a e R + , x } be a pure neutrosophic interval semigroup - 
group of infinite order. 

Example 1.2.28: Let M = M[UM 2 = {Z + I u {0}, x} u { [0, al] 

I a e Q + u {0}, x} be a quasi interval neutrosophic semigroup 
group of infinite order. 

Example 1.2.29: Let V = Vi u V 2 = {Q + I u {0}, +} u { [0, al] I 
a e Z 25 , +} be a quasi interval pure neutrosophic semigroup - 
group of infinite order. 
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Example 1.2.30: Let V = Vi u V 2 = {Z 25 I, +} u {[0, al] I a e 
Z 12 , x} be a quasi interval pure neutrosophic group - semigroup 
of finite order. 



Example 1.2.31: Let M = Mi u M 2 = { Z i 2 I, x} u { [0, al] I a e 
Q + , x} be a quasi interval pure neutrosophic semigroup - group 
of infinite order. 

We can define substructure, if it has no subsemigroup - 
subgroup we call it simple if it has one of subsemigroup or 
subgroup (or in the mutually exclusive sense) we call it a quasi 
simple. We will give examples of these concepts. 



Example 1.2.32: Let V = Vi u V 2 = { Z i 2 I, x} u {[0, al] I a e 
Z 30 , + } be a quasi interval pure neutrosophic semigroup - group 
of finite order. 

Consider M = Mj u M 2 = {2Zi 2 , x} u {[0, al] I a e {0, 3, 
6 , ..., 27} c Z 30 , + } c Vi u V 2 , M is a quasi interval pure 
neutrosophic subsemigroup - subgroup of V. 



Example 1.2.33: Let M = Mj u M 2 = { [0, al] I a e Z + u {0}, 
x } u { Q + I, x } be a quasi interval pure neutrosophic semigroup 
- group. Consider S = Si u S 2 = { [0, al] I a e 5Z + u {0}, x] u 




n = 0 , 1 , 2 , 




c M = Mi u M 2 , M is a quasi 



interval pure neutrosophic subsemigroup - subgroup of M. 



Example 1.2.34: Let V = Vi u V 2 = { [0, al] I a e Z u , +} u 
{ 3Z 6 I = {0, 31 } , x } be a quasi interval pure neutrosophic group - 
semigroup. Clearly V is simple. 



Example 1.2.35: Let V = V) u V 2 = { [ 0 , al] I a e Z23, +} u 
{Z 2 oL x j be a quasi interval pure neutrosophic group - 
semigroup. 

Clearly V is a quasi interval pure neutrosophic quasi 
subgroup - subsemigroup as V has W = { Vi } u {2 Z 20 L x] £ 
Vi u V 2 is a quasi group - semigroup. 
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Example 1.2.36: Let M= Mi u M 2 = { Z 40 I, +} u {[0, al] I a e 
{0, 5} c Zio, x} be a quasi interval pure neutrosophic group - 
semigroup. M is only a quasi group-semigroup, for Mi has 
subgroups but M 2 has no subsemigroups. 

Inview of these results we have the following theorems the 
proof of them are direct. 

THEOREM 1 . 2 . 1 : Let V = { Zpl , +} u{[0, all I a <= Z m xj be a 
quasi interval pure neutrosophic group - semigroup. V is a 
quasi interval pure neutrosophic quasi group - semigroup. 

Hint: (Zpl, +) has no subgroups. 

THEOREM 1 . 2 . 2 : Let V = {[0, al] I a e Z P I, +} u{Z n I, xj be a 
interval pure neutrosophic group - semigroup. V is quasi 
interval pure neutrosophic quasi group - semigroup. 

Theorem 1 . 2 . 3 : Let V = {Z + l { 0 }, xj u{[0, all I a e z n , +} 
be a quasi interval pure neutrosophic semigroup-group. V is 
not simple or quasi simple. 

Now we will give examples of quasi neutrosophic interval 
group. 

Example 1.2.37: Let V = Vi u V 2 = { [0, a] I a e Z 20 , +} u { [0, 
al] I a e Q + , x } be a quasi neutrosophic interval bigroup. 

Example 1.2.38: Let M = M[ u M 2 = {[0, al] I a e Q + , x} u 
{ [0, al] I a e Z 40 , + } be a quasi neutrosophic interval bigroup. 

Example 1.2.39: Let L = Li u L 2 = { [0, al] I a e Z 23 \ {0}, x} 
u {[0, al] I a e Z47 \ {0}. x] be a quasi neutrosophic interval 
bigroup. 

Example 1.2.40: Let V = Vi u V 2 = {S 5 } u {[0. al] I a e Q + , 
x } be a quasi neutrosophic quasi interval bigroup. 

Example 1.2.41: Let S = Si u S 2 = {Z, +} u { [0, al] I a e Z 7 \ 
{0}, x } be a quasi neutrosophic quasi interval group-semigroup. 



39 




Example 1.2.42: Let S = Si u S2 = {ZI, +} u {[0, a] I a g Q + , 
x } be a quasi interval quasi neutrosophic bigroup. 

Example 1.2.43: Let P = Pi u P2 = {Q + I, x} u { [0, a] I a g Z 45 , 
+ } be a quasi interval quasi neutrosophic bigroup. 

Example 1.2.44: Let W = W L u W 2 = {S (20) } u { [0, al] I al e 
Q + . x } be a quasi interval quasi neutrosophic semigroup - group. 

Example 1.2.45: Let V = V) u V 2 = {Z, +} u {[0, al] I a g 
3Z120, x} c V) u V 2 = V be a quasi interval quasi neutrosophic 
group - semigroup. 

Example 1.2.46: Let T = T) u T 2 = {Z 47 \ {0}, x} u { [0, al] I a 
g Z 50 , x} be a quasi interval quasi pure neutrosophic group - 
semigroup of finite order, 
o (T) = 46 x 50. 

Consider W = Wi uW 2 = {{1, 46} cZ 47 \{0}, x} u {[0, 
al] I a g {0. 5, 10, 15, 20, ..., 45}, x} c Tj u T 2 = T; W is a 
quasi interval quasi neutrosophic subgroup - subsemigroup of 
finite order. 

o (W) = 2 x 10 and o (W) / o (T). 

Now having seen examples of a quasi interval quasi pure 
neutrosophic group - semigroups we proceed onto give 
examples of quasi interval mixed neutrosophic group - 
semigroups and so on. 

Example 1.2.47: Let M = Mi u M 2 = { [0, a+bl] I a, b g Z 25, +} 
u {[0, a+bl] I a, b g Z + u {0}, x} be a neutrosophic interval 
group - semigroup. 

Example 1.2.48: Let T = T) u T 2 = { [0, a+bl] I a, b g Z 50 , x} u 
{[ 0, a+bl] I a, b g Z 29, +} be a neutrosophic interval semigroup - 
group. 

Example 1.2.49: Let F = Fi u F 2 = {[0, a+bl] I a, b g Q + u 
{0}, +} u {[0, a+bl] I a, b g Z25, + } be a neutrosophrc interval 
semigroup - group. Consider H = Hi u H 2 = { [0, a+bl] I a, b g 
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Z + u {0}, + } u {[0, a+bl]la, be {0, 3, 6, 9, 12},+} cF^Fj 
= F, H is a neutrosophic interval subsemigroup - subgroup of F. 



Example 1.2.50: Let M = Mi u M 2 = { [0, a] I a e Z 2 5 , +} u 
{ [0, a+bl] I a, b e Z + u { 0 } , x } be a quasi neutrosophic interval 
group - semigroup. 

Example 1.2.51: Let T = Ti u T 2 = { [0, a+bl] I a, b e Z w , +} u 
{Z, x } be a quasi neutrosophic quasi interval group - semigroup. 

Example 1.2.52: Let B = B t u B 2 = {[0, al+b] I a, b e Q + u 
{0}, +} u { Z 25 I, +} be a quasi interval neutrosophic semigroup 
- group. 



Example 1.2.53: Let V = V|UV 2 = {S 2 o} u [0, a+bl] I a, b e 
R + u {0}, +} be a quasi neutrosophic quasi interval group - 
semigroup. 

Example 1.2.54: Let M = Mi u M 2 = { Z 45 I, x} u [0, a] I a e 
Z 40 , + } be a quasi interval quasi neutrosophic semigroup group. 

Now having seen examples of neutrosophic interval 
bistructures using groups, semigroups and group-semigroup, we 
proceed onto define the notion of biinterval neutrosophic 
groupoids or neutrosophic interval bigroupoids. 

1.3 Neutrosophic Biinterval Groupoids 

In this section we introduce the notions of neutrosophic 
biinterval groupoids or neutrosophic interval bigroupoids and 
discuss some of their important properties. 

DEFINITION 1.3.1: Let G = Gj UG2 where both Gj and G2 are 
pure neutrosophic interval bigroupoids such that G] ZG2; Gj Z 
G2 and G2 Z Gj. G will also be known as pure neutrosophic 
biinterval groupoids. 

We will illustrate this situation by some examples. 
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Example 1.3.1: Let G = Gi u G 2 = { [0, al] I al e Z 8 I; *, (t, u) = 
(3, 2), t, u g Z 8 } u {[0, bl] I b g Z 40 , *, (8, 19)} be a pure 
neutrosophic interval bigroupoid of finite order. 

Example 1.3.2: Let M = Mi u M 2 = { [0, al] I al g Z + u {0}, *, 
(8, 17)} u {[0, al] I a g Z J4 , *, (0, 3)} be a pure neutrosophic 
biinterval groupoid of infinite order. 

Example 1.3.3: Let G = Gi u G 2 = { [0, al] I a e Z l5 , (3, 7), *} 
u { [0, al] I a g Z 7 , (2, 3), *} be a pure neutrosophic interval 
bigroupoid of finite order. 

Example 1.3.4: Let G = Gi u G 2 = { [0, al] I a g R + u {0}, 
(3/4, y/2), *} u{[0, al] I a g Q + u {0}, (27,4/1 1), *} be a pure 
neutrosophic interval bigroupoid of infinite order. Clearly G is 
non commutative. 

Example 1.3.5: Let T = Ti u T 2 = { [0, al] I a g Q + u {0}, *, 
(5, 8)} u {[0, al] I a g Z 28 , (5, 8), *} be a pure neutrosophic 
interval bigroupoid of infinite order. 

Example 1.3.6: Let M = Mj u M 2 = { [0, al] I a g Z 52 , *, (3, 
11)} u {[0, al] I a g Z 25 , *, (11, 3)} be a pure neutrosophic 
interval bigroupoid of finite order, 
o (M) = 52 x 25. 

Example 1.3.7: Let T = Ti u T 2 = { [0, al] I a e Z 45 , (8, 9), *} 
u {[0, al] I a g Z 45 , (9, 8)*} be a pure neutrosophic interval 
bigroupoid of order 45 x 45. 

Example 1.3.8: Let G = Gi u G 2 = { [0, al] I a g Z 7 , (3, 3), *} 
u {[0, al] I a g Z n , (5, 5), *} be a pure neutrosophic interval 
bigroupoid of biorder 7 x 11 =77 . 

We can define substructures on them. 
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DEFINITION 1.3.2: Let G = Gi u G 2 be a pure neutrosophic 
interval bigroupoid and H = H\ U H 2 c G/ U G 2 be a proper 
bisubset of G. If H itself is a pure neutrosophic interval 
bigroupoid under the operations of G then we define H to be a 
pure neutrosophic interval subbigroupoid of G. 

We will illustrate this situation by an example. 

Example 1.3.9: Let V = V! u V 2 = { [0, al] I a g Z 9 , *, (5, 3)} 
u {[0, al] I a e Z 6 , (2, 4), *} be a pure neutrosophic interval 
bigroupoid. Take M = Mi u M 2 = { [0, al] I a g { 1, 2, 4, 5, 7, 8 } 
cZ,, * (5, 3)} u {[0. al] I a g {0, 3} cZ 6 , * (2, 4)} cV,u 
V 2 is a pure neutrosophic interval subbigroupoid of V. 

Interested reader can give more examples of them. 

We can define Smarandache pure neutrosophic interval 
bigroupoid as a pure neutrosophic interval bigroupoid as a pure 
neutrosophic interval bigroupoid G = Gi u G 2 , were both Gi 
and G 2 are Smarandache pure neutrosophic interval groupoids. 

We will illustrate this situation by some examples. 

Example 1.3.10: Let G = Gi u G 2 = { [0, al] I a g Zi 0 , (5, 6), *} 
u {[0, al] I a e Z 12 , (3, 9), *} be a pure neutrosophic interval 
bigroupoid, clearly G is a S-pure neutrosophic interval 
bigroupoid. 

Example 1.3.11: Let M = Mj u M 2 = {[0, al] I a g Z 6 , *, 
(3, 5)} u {[0, al] I a g Z 4 , (2, 3), *}; M is a Smarandache pure 
neutrosophic interval bigroupoid. 

We can define special identities on pure neutrosophic 
interval bigroupoids. 

Example 1.3.12: Let V = V! u V 2 = { [0, al] I a g Z 10 , (1,2),*} 
u {[0, al] I a g Z 8 , (1, 6), *} be a pure neutrosophic interval 
bigroupoid. V is a S-pure neutrosophic interval bigroupoid. 

We can define pure neutrosophic interval biideal of a 
bigroupoid. We give an example of it. The biideal can be a left 
- right ideal of a right - left ideal or just a biideal. 
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Example 1.3.13: Let V = V! u V 2 = { [0, al] I a e Z 4 , *, (2, 3)} 
u { [0, al] I a e Z 6 , *, (4, 5) } be a pure neutrosophic interval 
bigroupoid. Consider I = L u I 2 = { [0, al] I a e { 1, 3} c Z 4 , *, 
(2, 3)} u {[0, al] I a e {1,3,5} cZ 6 , *, (4, 5)} c Vi u V 2 , 1 is 
a pure neutrosophic interval left biideal of V. 

We will give examples and results of pure neutrosophic 
interval bigroupoids which satisfy different identities. 

Example 1.3.14: Let G = Gi u G 2 = { [0, al] I a e Z !2 , (5, 8), *} 
u { [0, al] I a e Z 45 , (20, 26), * } be a pure neutrosophic interval 
bigroupoid. G is an idempotent bigroupoid. 

Example 1.3.15: Let W = u W 2 - { [0, al] I a e Z 15 , (6, 10), 
*} u{[0, al] I a e Z 21 , (15, 7), *} be a pure neutrosophic 
interval bigroupoid. W is a idempotent bigroupoid as both Wi 
and W 2 are idempotent groupoids. 

In view of this we have the following theorem. 

THEOREM 1.3.1: Let V = V 2 u V 2 = {[0, al] I a £ Z n , (t, u); *} 
U l [0, bl] I b £ Z m , (r, s); *] be a pure neutrosophic interval 
bigroupoid. V is a pure neutrosophic interval idempotent 
bigroupoid if and only if t + u = 1 (mod n) and r + s = 1 ( mod 
m). 

Proof is simple and is left as an exercise to the reader [11]. 

Example 1.3.16: Let V = V! u V 2 = { [0, al] I a e Z 6 , (4, 3), *} 
u {[0, al] I a e Zi 0 , (5, 6), *} be a pure neutrosophic interval 
bigroupoid. Infact V is a pure neutrosophic interval 
bisemigroup. 

Example 1.3.17: LetV = V l uV 2 = { [0, al] I a e Z 14 , (8, 7), *} 
u {[0, al] I a e Z 22 , (11,12), *} be a pure neutrosophic interval 
bigroupoid which is a pure neutrosophic interval bisemigroup. 

Inview of this we have the following theorem the proof of 
which is direct [ ]. 

Theorem 1.3.2: Let v = V, u V 2 = ([0, al] I a £ z n , (t, u), *} 
U {[0, al] I a £ Z m , (r, s), *] be a pure neutrosophic interval 
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bigroupoid. V is a pure neutrosophic interval bisemigroup if 
and only if t 2 =t ( mod n ), u = u (mod n) for t, u £ Z„ \ (Oj with 
(t, u) = 1 and r = r (mod m), s~ =s (mod m ) ( r, s) = 1 and r, s £ 
Z m \{0}. 

Now we will give examples of pure neutrosophic interval 
bigroupoids which are bisimple. 

Example 1.3.18: Let V = V! u V 2 = { [0. al] I a e Z 21 , (19, 2), 
*} u {[0, al] I a g Z 25 , (23, 2), *} be a pure neutrosophic 
interval bigroupoid, V is bisimple. 

Example 1.3.19: Let V = V! u V 2 = { [0, al] I a g Z 19 , (17, 2), 
*} u {[0, al] I a g Z 29 , *, (22, 7)} be a pure neutrosophic 
interval bigroupoid which is bisimple. 

Theorem 1.3.3: Let v = V, u V 2 = {[0, al] I a e z n , (t, u), *} 
U {[0, al] I a e Z m , ( r, s), *] be a pure neutrosophic interval 
bigroupoid. If n = t+u and m=r+s with t, u, r and 5 primes then 
V is bisimple. 

The proof is direct and uses simple number theoretic 
techniques only. 

THEOREM 1.3.4: Let V = V 1 u V 2 = {[0, al] I a £ Z p , (t, u), *] 
U j[0, al] I a £ Z q , (r,s), *} where p and q are primes be a pure 
neutrosophic interval bigroupoid. If t + u = p, (t, u) = 1 and r 
+ s = q and ( s, r) = 1 then V is bisimple. 

For proof is simple and direct and hence left as an exercise 
to the reader. 

Example 1.3.20: Let V = Vi u V 2 = { [0, al] I a e Z 20 , (13, 7), 
*} u {[0, bl] I a e Z 43 , (23, 20), *} be a pure neutrosophic 
interval bigroupoid { 0 } u { 0 } is not a biideal of V. 

Thus we can say if V = Vi u V 2 is a pure neutrosophic 
interval bigroupoid with V, = { [0, al] I a e Z n , (t, u) = 1 , * } and 
V 2 = {[0, bl] I b g Z m , (r, s) = 1, *} then {0} u {0} is not a 
biideal of V. 
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We can define notion of normal bigroupoid as follows. If V 
= Vi u V 2 is a pure neutrosophic interval bigroupoid, we say G 
= Gi uG? c Vi u V 2 to be a pure neutrosophic interval normal 
subbigroupoid if 

(a) (ai Lt a 2 ) (Gi u G 2 ) — aiGi tj a 2 G 2 

(b) ((Gi u G 2 ) (x, u x 2 )) (yi u y 2 ) 

= (Gi u G 2 ) [(x, u x 2 ) (yi u y 2 )] 

That is Gi (xi y,) u G 2 (x 2 y 2 ) 

= (Gi xO yj u (G 2 x 2 )y 2 

(c) ((xj u x 2 ) (yi u y 2 )) (Gi u G 2 ) 

= (x, u x 2 ) ((yi u y 2 ) G). 

That is (X, y,) Gj u (x 2 y 2 ) G 2 = x, (y x GO u 
X 2 (y 2 G 2 ) for all x l5 y u a x e Gi and x 2 , y 2 , a 2 e G 2 . 



If V = Vi u V 2 the pure neutrosophic interval bigroupoid 
satisfies (a), (b) and (c) that is if G is replaced by V) then we 
say the bigroupoid to be binormal. 

We give an example of normal bigroupoids. 

Example 1.3.21: LetV = V l uV 2 = { [0, ai] I a e Z 7 , (3, 3), *} 
u {[0, bl] I a e Z l9 , (11, 11), *} be a pure neutrosophic interval 
bigroupoid. V is a normal bigroupoid. 

In view of this example we have the following theorem. 

THEOREM 1.3.5: Let V = V] uV 2 - {[0, ai] I a e Z p , (t, t), * t 
< pj u {[0, bl] I b e Z q , (s, s), *, s < q}, p and q primes be a 
pure neutrosophic interval bigroupoid. V is a normal interval 
bigroupoid. 

Proof is direct and simple [11]. We can define P- 
bigroupoids as in case of pure neutrosophic interval bigroupoid 
if both the interval groupoids are P-groupoids. We will provide 
some examples. 

Example 1.3.22: Let G = Gi u G 2 = { [0, ai] I a e Z 42 , (7, 7), *} 
u {[0, ai] I a g Z 12 , (5, 5), *} be a pure neutrosophic interval 
bigroupoid. G is a P-bigroupoid. 
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Example 1.3.23: Let S = Si u S 2 = { [0, al] I a e Z i9 , *, (10, 
10)} u {[0, al] I a e Z 43 , *, (8, 8)} be a pure neutrosophic 
interval bigroupoid. S is a P-bigroupoid of finite order. 

In view of this we have the following theorem the proof of 
which is direct and hence left as an exercise to the reader. 

THEOREM 1 . 3 . 6 : Let P = P, uP 2 = {[0, al] I a e Z n , (t, t); 
0 < t < n, *} u {[0, al] I a e Z m , (s, s), 0 < s < m, *] be a pure 
neutrosophic interval bigroupoid. P is a pure neutrosophic 
interval P-bigroupoid of order mn. 

Note n can be prime or composite still the conclusions of 
the theorem is true. 

We will now provide examples of alternative bigroupoids 
and bigroupoids which are not alternative. 

Example 1.3.24: Let S = Si u S 2 = { [0, al] I a e Z 2 6, *, (14, 
14)} u{[0, al] I a e Z 46 , *, (24, 24)} be a pure neutrosophic 
interval bigroupoid. S is a pure neutrosophic interval alternative 
bigroupoid. 

Example 1.3.25: Let P = Pi u P 2 = { [0, al] I a e Z 22 , *, (12, 
12)} u {[0, al] I a e Z 30 , *, (10, 10)} be a pure neutrosophic 
interval bigroupoid. It is easily verified P is a pure neutrosophic 
interval alternative bigroupoid. 

In view of this we have the following theorem. 

THEOREM 1 . 3 . 7 : Let V = V, uV 2 = {[0, al] I a e Z n , (t, t), *} 
U {[0, al] I a e Z m , (s, s), *} be a pure neutrosophic interval 
bigroupoid where m and n are primes. V is a pure neutrosophic 
interval alternative bigroupoid if and only if t 2 =t (mod n) and 
s~ = s (mod m). 

Proof is direct however the interested reader can refer [11], 
We give now examples of pure neutrosophic interval 
bigroupoids which are not alternative. 

Example 1.3.26: Let M = Mj u M 2 = {[0, al] I a e Z 43 , *, (8, 
8)} u {[0, al] I a e Z 53 , *, (12, 12)} be a pure neutrosophic 
interval bigroupoid. M is not an alternative bigroupoid. 
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Example 1.3.27: Let P = Pi u P 2 = { [0, al] I a e Z 13 , *, (5, 5)} 
u {[0, al] I a e Z 23 , *, ( 8 , 8 )} be a pure neutrosophic interval 
bigroupoid. P is not an alternative bigroupoid. 

Inview of this we have the following theorem which 
guarantees a non empty class of bigroupoids which are not 
alternative. 

Theorem 1.3.8: Let P = P 2 uP 2 = {[0, al] I a e z p , * (t, t)j 
u{[0, al] I a e Z q , *, (s, s)} (1 < t < p, 1 < s < q where p and q 
are primes) be a pure neutrosophic interval bigroupoid. P is 
not a pure neutrosophic interval alternative bigroupoid. 

We just give an hint to the proof of the theorem. 

Given 1 < t < p, 1 < s < q. Consider the alternative identity 
(x*y)*y = x* (y*y), for x, y e P. We see equality can never be 
achieved. 

Let x = [0, ail] u [0, a 2 I] and 
y = [0. b |I] u [0. b 2 I] be in P. 

It is simple to show x* (y*y) P (x*y)*y 
(For refer [11]). 

Example 1.3.28: Let G = Gi u G 2 = {[0, al] I a e Z 46 , *, 
(0, 24) } u { [0, bl] I a e Z 6 , *, (0, 3) } be a pure neutrosophic 
interval bigroupoid. G is both an alternative bigroupoid and P- 
bigroupoid. 

Example 1.3.29: Let S = Si u S 2 = { [0, al] I a e Zi 0 , *, (0, 6 )} 
u {[0, al] I a e Z 30 , *, (0, 10) } be a pure neutrosophic interval 
bigroupoid. Clearly S is both an alternative bigroupoid and P- 
bigroupoid. 

In view of these examples we have the following theorem 
the proof of which is left as an exercise to the reader. 

Theorem 1.3.9: Let P = p, uP 2 - {[0, al] I a e z n , (0, t), *} 
U j[0, al] I a e Z m , (0, s), *] be a pure neutrosophic interval 
bigroupoid. P is an alternative bigroupoid and a P-bigroupoid 
if and only if f =t (mod n) and s~ =s (mod m). 
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We still have an interesting theorem which states as 
follows: 

THEOREM 1.3.10: Every interval subbigroupod of a 

Smarandache pure neutrosophic interval bigroupoid S need not 
in general be a Smarandache pure neutrosophic interval 
subbigroupoid of S. 

The proof is by counter example. 

Example 1.3.30: Let G = Gi u G 2 = { [0, al] I a e Z 6 , *, (4, 5)} 
u {[0, al] I a e Z 6 , *, (2, 4)} be a pure neutrosophic interval 
bigroupoid. Consider H = Hi u H 2 = j [0, al] I a e {0, 2, 4} c 
Z 6 , * (4, 5)} u { [0, al] I a e {0, 2, 4} c Z 6 , *} c G 1 u G 2 - G; 
H is a pure neutrosophic interval subbigroupoid of G but is not a 
Smarandache pure neutrosophic interval subbigroupoid of G. 

The notion of Smarandache conjugate subbigroupoid in 
case of pure neutrosophic interval bigroupoids can be defined as 
a matter of routine [11]. 

We define a pure neutrosophic interval bigroupoid Gi uG 2 
= G to be a Smarandache Moufang bigroupoid if there exists 
Smarandache subbigroupiod H = Hi u H 2 in Gi u G 2 which 
satisfies the Moufang identity. 

If every Smarandache pure neutrosophic interval 
subbigroupoid satisfies the Moufang identity then we define G 
to be a Smarandache strong Moufang bigroupoid. 

We will illustrate this by some examples. 

Example 1.3.31: Let G = Gi u G 2 = { [0, al] I a e Z i0 , *, (5, 6)} 
u {[0, al] I a e Zi 2 , *, (3, 9)} be a pure neutrosophic interval 
bigroupoid. G is a Smarandache pure neutrosophic interval 
Moufang bigroupoid. 

On similar lines we can define the notion of Smarandache 
pure neutrosophic interval Bol bigroupoid, Smarandache strong 
pure neutrosophic interval Bol bigroupoid, Smarandache pure 
neutrosophic interval P-bigroupoid and Smarandache strong 
pure neutrosophic interval P-bigroupoid. 

Example 1.3.32: Let P = Pi u P 2 = { [0, al] I a e Z !2 , *, (3, 4) } 
u {[0, al] I a e Z 4 , *, (2, 3)} be a pure neutrosophic interval 
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bigroupoid. P is a Smarandache pure neutrosophic interval Bol 
bigroupoid. 

Example 1.3.33: Let G = Gi u G 2 = { [0, al] I a e Z 6 , (4, 3), *} 
u {[0, al] I a e Z 4 , (2, 3), *} be a pure neutrosophic interval 
bigroupoid. G is a Smarandache pure neutrosophic interval 
strong P-bigroupoid of order 6x4. 

Example 1.3.34: Let G = Gi u G 2 = { [0, al] I a e Z M , (7, 8), *} 
u {[0, al] I a e Zi 2 , (1, 6), *} be a pure neutrosophic interval 
bigroupoid. G is a Smarandache pure neutrosophic interval 
strong alternative bigroupoid. 

We define a map r| from two Smarandache pure 
neutrosophic interval bigroupoids V = V| u V 2 and G = Gi u 
G 2 if T) is a bisemigroup homomorphism or semigroup 
bihomomorphism from A = AiuA 2 toB = BiUB 2 where A c 
V and B c G are pure neutrosophic interval bisemigroup of V 
and G respectively. 

That is r| : V — > G such that r| ((ai u a 2 ) *(xjU x 2 )) 

= T| (ai u a 2 ) * r) (xi u x 2 ) where a ; , x ; e A ; ; i=l,2. 

Clearly a,, x; are neutrosophic intervals of the form [0, tj] 
and [0, pj], i=l,2. 

Interested reader can construct such interval; bigroupoid 
bihomomorphism. 

Example 1.3.35: Let G = Gi u G 2 = { [0, al] I a e Z 5 , (1, 3), *} 
u {[0, al] I a e Z 5 , (2, 1), *} be a pure neutrosophic interval 
bigroupoid. Clearly G is not a Smarandache pure neutrosophic 
interval bigroupoid. 

Example 1.3.36: Let P = Pi u P 2 = { [0, al] I a e Z 7 , (5, 3), *} 
u {[0, al] I a e Z 4 , (3, 2), *} be a pure neutrosophic interval 
bigroupoid. Clearly P is a Smarandache pure neutrosophic 
interval bigroupoid. 

In view of the above examples we have the following 
theorem. 
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THEOREM 1 . 3 . 11 : Let G = Gj uG 2 = {[0, at/ I a e Z n , (t, u), 
*] U {[0, al] I a e Z m , (r, s), *] be a pure neutrosophic interval 
bigroupoid. G is a Smarandache pure neutrosophic interval 
bigroupoid if (t, u) =1, t Z u, t+u = 1 (mod n) and (r, s) = I, s Z 
r, r+s = 1 (mod m). 

The proof is direct uses only simple number theoretic 
techniques. 

THEOREM 1 . 3 . 12 : Let G = Gj uG 2 = lid all I a e Z 2p , (1, 2), 
*} u{[0, bl] I b a Z 2q , (ly 2)f J where p and c j two distinct odd 
primes. G is a pure neutrosophic interval bigroupoid which is a 
Smarandache bigroupoid. 

We just give an hint for the proof. Consider S = { [0, pi] } u 
{[0. ql] } c Gi u G 2 ; G is a pure neutrosophic interval 
bisemigroup in G. Hence the claim. 

Corollary 1 . 3 . 1 : Let G = G, uG 2 = {[0, all I a e z 3p , *, 
(1, 3)} u{[0, bl] I b £ Z 3 q , (lyS)f j (where p and ( j are odd 
primes ) be a pure neutrosophic interval bigroupoid. Clearly G 
is a Smarandache bigroupoid. 

Corollary 1 . 3 . 2 : Let G = G] uG 2 = {[0, all I a e z n * (1, 
p); p a prime and p/nj u j[0, bl] I b e Z„„ * (l.q), q a prime 
and q/mj be a pure neutrosophic interval bigroupoid. Then G is 
a Smarandache pure neutrosophic interval bigroupoid. 

THEOREM 1 . 3 . 13 : Let G = G] uG 2 = {[0, al] I a e Z n , (t, u), 
*] U {[0, bl] I b e Z m , (s, r), *] be a pure neutrosophic interval 
bigroupoid. If t+u = / (mod n) and r+s =1 (mod m) then G is a 
Smarandache pure neutrosophic interval idempotent 
bigroupoid. 

THEOREM 1 . 3 . 14 : Let G = G, uG 2 = [0, all I a e Z n , (t, u), 
*} u (]0, bl] I b e Z m , (r, s), *} with t + u =1 (mod n) and r+s 
= 1 (mod m) be a Smarandache neutrosophic interval P - 
bigroupoid if and only if f =t (mod n), r = r (mod m) if = u 
(mod n), s~ =s (mod m). 
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Simple number theoretic methods yield the proof of the 
theorem. 

THEOREM 1 . 3 . 15 : Let G = G, uG 2 = [0, al] I a e Z„ , (t, u), 
*] u j[0, bl] I b e Z m , (r, s), *] with t+u =1 (mod n) and r+s 
/ (mod m). G is a Smarandache strong pure neutrosophic Bol 
bigroupoid if and only if t 3 =t (mod n), u 2 = u (mod n), r =r 
(mod m) and s~ =s (mod m). 

This proof also is direct and the reader is expected to prove 
the theorem. 

Similarly it is easily verified that pure neutrosophic interval 
bigroupoid satisfying condition of theorem 1.3.14 is 
Smarandache strong Moufang interval bigroupoid. 

THEOREM 1 . 3 . 16 : Let G = G] uG 2 = [0, al] I a e Z„ , (m, m), 
*j u {[0, al] I b e Z, ( u, u), *} with m+m =1 (mod n) and u+u 
= 1 (mod t) with nr = m (mod n) and u = u (mod t) be a 
Smarandache pure neutrosophic interval bigroupoid. Then 

1. G is a Smarandache idempotent bigroupoid. 

2. G is a Smarandache strong P-bigroupoid. 

3. G is a Smarandache strong Bol bigroupoid. 

4. G is a Smarandache strong Moufang bigroupoid. 

5. G is a Smarandache strong alternative bigroupoid. 

The proof is left as an exercise to the reader. 

Interested reader can derive more properties in this 
direction. We can define pure neutrosophic interval groupoid - 
semigroup which is illustrated by some examples. 

Example 1.3.37: Let G = Gi u G 2 = { [0, al] I a e Z 40 , x} u 
{[0, bl] I b e Z19, (3, 8), *} be a pure neutrosophic interval 
semigroup - groupoid. 

Example 1.3.38: Let G = Gi u G 2 = { [0. al] I a e Z + u {0}, x} 
u [0, bl] I b e Z + u {0}, (3, 8), *} be a pure neutrosophic 
interval semigroup - groupoid. 
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Example 1.3.39: Let M = Mj u M 2 = {[0, al] I a e Z\ 2 % x ! u 
{[0, al] I a e Z 45 , (3, 7), *} be a pure neutrosophic interval 
semigroup - groupoid. 

We can define substructures in them which is a matter of 
routine. 

We can also define Smarandache pure neutrosophic interval 
groupoid - semigroup G = Gi u G 2 as one in which both the 
groupoid and the semigroup are Smarandache. If only one of 
them (semigroup or groupoid) is Smarandache then we define 
that G to be a quasi Smarandache pure neutrosophic interval 
groupoid - semigroup. 

We will now illustrate both the situations by some 
examples. 

Example 1.3.40: Let G = Gi u G? = {[0, al] I a e Z 40 , x} u 
{[0, al] I a e Z 90 , (45, 45), *} be a Smarandache pure 
neutrosophic interval semigroup - groupoid. 

Example 1.3.41: Let G = Gi u G 2 = { [0, al] I a e Z 6 , (3, 4), *} 
u {[0, al] I a e Z 48 , x] be a Smarandache pure neutrosophic 
interval groupoid - semigroup. 

Example 1.3.42: Let P = Pi u P 2 = { [0, al] I a g Z 7 , (5, 3), *} 
u {[0, al] I a g Zi 20 , x] be a Smarandache pure neutrosophic 
interval groupoid - semigroup. 

Example 1.3.43: Let G = Gi u G? = {[0, al] I a e Z 43 , x] u 
{[0, al] I a e Z 9 , (5,3), *}. G is only a quasi Smarandache pure 
neutrosophic interval groupoid - semigroup. The groupoid is 
not a Smarandache pure neutrosophic interval groupoid. 

Example 1.3.44: Let G = Gi u G 2 = { [0, al] I a g Z + u {0}, +} 
u {[0, al] I a g Z 8 , (1, 6), *} be a pure neutrosophic interval 
semigroup - groupoid. G is only a quasi Smarandache pure 
neutrosophic interval semigroup - groupoid as the semigroup is 
not a Smarandache semigroup. 

In general all pure neutrosophic interval groupoid - 
semigroup need not be Smarandache pure neutrosophic interval 
groupoid - semigroup. 
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This is established by the following examples. 

Example 1.3.45: Let G = Gi u G 2 = { [0, al] I a e Z + u {0}, +} 
u {[0, al] I a e Z 9 , (5, 3), *} be a pure neutrosophic interval 
semigroup - groupoid. G is not a Smarandache pure 
neutrosophic interval semigroup - groupoid. 

Example 1.3.46: Let M = Mj u M 2 = {[0, al] I a e R + u {0}, 
+ } u { [0, al] I a e Z 5 , (2, 1), *} be a pure neutrosophic interval 
semigroup - groupoid. Clearly M is not Smarandache. 

Now we can also define pure neutrosophic quasi interval 
bigroupoid G = Gj u G 2 where only one of Gi or G 2 is a pure 
neutrosophic interval groupoid. 

We will illustrate this situation by some examples. 

Example 1.3.47: Let G = Gi u G 2 = { [0, al] I a e Z 9 , (5, 3), *} 
u {Z 10 L (1, 2), *} be a pure neutrosophic quasi interval 
bigroupoid. 

Example 1.3.48: Let F = Fi u F 2 = { [0, al] I a e Z + u {0}, (9, 
4), *} u { Z 15 I, *, (7, 11)} be a pure neutrosophic quasi interval 
bigroupoid of infinite order. 

Example 1.3.49: Let V = VjuV 2 = {Z 125 I, *, (43, 17)} u {[0, 
al] I a e Zi 25 , x} be a pure neutrosophic quasi interval groupoid 
- semigroup. 

We now also define the notion of quasi pure neutrosophic 
interval bigroupoids etc. 

Example 1.3.50: Let G = Gi u G 2 = { [0, a] I a e Zi 20 , (1,5),*} 
u {[0, al] I a e Z 45 , (3, 17), *} be a quasi pure neutrosophic 
interval bigroupoid. 

Example 1.3.51: Let M = Mi u M 2 = {[0, a] I a e Z 19 , *, (0, 
7)} u {[0, al] I a e Z 127 , (3, 0), *} be a quasi pure neutrosophic 
interval bigroupoid. 
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Example 1.3.52: Let T = Ti u T 2 = { [0, a] I a g Z + u {0}, *, 
(6, 13)} u {[0, al] I a g Z 40 , (3, 19), *} be a quasi pure 
neutrosophic interval bigroupoid of infinite order. 

Example 1.3.53: Let R = Ri u R2 = { [0, al] I a g Z l9 , *, (3, 3)} 
u j[0, a] I a e Z19, (2, 13), *} be a quasi pure neutrosophic 
interval bigroupoid. 

We can define quasi pure neutrosophic quasi interval 
bigroupoid also. We will give examples of them. 

Example 1.3.54: Let V = V 1 uV 2 = {Z 19 , (3, 11), *} u { [0, al] 
I a g Z 45 , *, ( 8, 23)} be a quasi pure neutrosophic quasi interval 
bigroupoid of finite order. 

Example 1.3.55: Let M = M,uM 2 = {Z 23 I, *, (11,13)} u { [0, 
a] I a g Z43, *, (8, 11)} be a quasi pure neutrosophic quasi 
interval bigroupoid. 

These combined quasi structures can be Smarandache 
strong Bol bigroupoid, Smarandache strong Moufang 
bigroupoid, Smarandache strong P-bigroupoid and so on. All 
properties can be derived with appropriate modifications. 

Now we proceed onto give examples of quasi pure 
neutrosophic quasi interval groupoid - semigroup. 

Example 1.3.56: Let S = Si u S 2 = {[0, al] I a g Z 40 , x} u 
{Z 19I, (8, 11), *} be a quasi pure neutrosophic quasi interval 
semigroup - groupoid. 

Example 1.3.57: Let P = Pi u P 2 = { [0, al] I a g Z 20 , x} u {Z 43 , 
(3, 17), *} be a quasi pure neutrosophic quasi interval 
semigroup - groupoid. 

Example 1.3.58: Let M = Mj u M 2 = { [0, al] I a g Z 43 , (8, 12), 
*} u {Z, x} be a quasi pure neutrosophic quasi interval 
groupoid - semigroup. 

We also state here that we can replace pure neutrosophic 
intervals [0, al] in all these algebraic structures by the mixed 
neutrosophic algebraic structures [0, a+bl] and get all related 
results with simple, appropriate modifications. 
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Now we can also define the notion of pure neutrosophic 
interval group - groupoid and their quasi analogue. We only 
give illustrative examples and leave the work of defining this 
structure to the reader. 

Example 1.3.59: Let P = Pi u P 2 = { [0, al] I a g Z 40 , +} u { [0, 
al] I a g Z 40 , *, (3, 7)} be a pure neutrosophic interval group - 
groupoid. 

Thus by defining this mixed neutrosophic bistructure we get 
an associative and non associative neutrosophic algebraic 
structure. 

Example 1.3.60: Let M = Mi u M 2 = {[0, al] I a g R + , x} u 
{[0, al] I a e Z 43 , *, (7, 11)} be a pure neutrosophic interval 
group - groupoid of infinite order. 

Example 1.3.61: Let V = Vi u V 2 = {[0, a+bl] la, be Z 25 , +} 
u {[0, a+bl] I a, b £ Z 2 5 , (3, 7), ' } be a neutiosophic interval 
group-groupoid. 

This contains H = Hi u H 2 = { [0, al] I a g Z 25 , +} u {[0, 
al] I a g Z 25 , (3, 7), +} c V| uV 2 = V the pure neutrosophic 
interval group - groupoid as well as S = Si u S 2 = {[0, a] I a e 
Z 25 , +} u{[0, al] I a g Z 25 , *, (3, 7)} c Vi u V 2 = V which is a 
interval group - groupoid as its substructure. Thus one of the 
advantages of studying these mixed neutrosophic interval 
bistructures is that they contain both pure neutrosophic interval 
bistructure as well as interval bistructure as its subbistructure. 

Example 1.3.62: Let T = Tj u T 2 = { [0, al] I a e Z 40 , +} u { [0, 
a+bl] I a, b g Z 40 , (8, 5), *} be a neutrosophic interval group- 
groupoid. T has pure neutrosophic interval subgroup - 
subgroupoid given by S = Si u S 2 = { [0, al] I a g {2Z 40 }, +} u 
{[0, bl] I a g Z 40 , (8, 5), *} cTi u T 2 however T has no 
interval subgroup - subgroupoid. 

Interested reader can derive related results in this direction. 
We also can have mixed quasi neutrosophic quasi interval 
groupoid - groups which is illustrated by the following example. 
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Example 1.3.63: Let V = V) u V 2 = {[0, al+b] I a, b e Z 43 , 
(7, 11), *} u {S 3 } be a quasi mixed neutrosophic quasi interval 
groupoid - group. 

Example 1.3.64: Let S = Si u S2 = {[0, a+bl] I a, b e Z120, + } 
u {Z27 (3, 8), *} be a quasi mixed neutrosophic quasi interval 
group - groupoid. 

Example 1.3.65: Let M = Mi u M 2 = { [0, al+b] I a, b e Z27, (8, 
14), *} u {Z144, +} be a quasi mixed neutrosophic quasi 
interval groupoid - group. 

1.4 Neutrosophic Interval Biloops 

In this section we proceed onto define the notion of 
neutrosophic interval biloops and their generalization. For loops 
please refer [9, 13]. 

DEFINITION 1.4.1: Let L = {[0, a] I a e Z n orR + u{0} or Q + 
U {0} or Z + u {Ojj be the collection of intervals. If a binary 
operation * on L be defined so that L is a loop; that is * satisfies 
the following condition. 

(a) For every [0, a], [0, b] in L 
[0, a] * [0, b] e L. 

(b) [0, a] * ([0, b] * [0, c]) #([0, a] * [0, b]) * [0, c] for 
atleast some [0, a], [ 0 , b] and [0, c] in L. 

(c) There exists an element [0, e] in L such that 

[0, a] * [0, e] = [0, e] * [0, a] = [0, a] for all [0, a] in 
L called the identity element of L. 

(d) For every pair ([0, a], [0, bf) in L x L there exists a 
unique pair ([0, x], [0, y] ) in L XL such that 

[0, a] * [0, x] = [0, b] and 
[0, y] * [0, a] = [0, bj. 

We will illustrate this situation by some examples. 

Example 1.4.1: Let L = {[0, a] I a e L 5 (2), *} be an interval 
loop of order five given by the following table. 
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* 


[0,e] 


[0,1] 


[0,2] 


[0,3] 


[0,4] 


[0,5] 


[0,e] 


[0,e] 


[0,1] 


[0,2] 


[0,3] 


[0,4] 


[0,5] 


[0,1] 


[0,1] 


[0,e] 


[0,3] 


[0,5] 


[0,2] 


[0,4] 


[0,2] 


[0,2] 


[0,5] 


[0,e] 


[0,4] 


[0,1] 


[0,3] 


[0,3] 


[0,3] 


[0,4] 


[0,1] 


[0,e] 


[0,5] 


[0,2] 


[0,4] 


[0,4] 


[0,3] 


[0,5] 


[0,2] 


[0,e] 


[0,1] 


[0,5] 


[0,5] 


[0,2] 


[0,4] 


[0,1] 


[0,3] 


[0,e] 



For more about loop L n (m) refer [9, 13]. 

Example 1.4.2: Let L = { [0, a] I a e {e, 1, 2, 15}, 7, *} be 

an interval loop of order 1 6. 

DEFINITION 1.4.2: Let L = {[0, all I a e Z„ or Z + u{0} or Q + 
U (Oj or R~ u 1 Oj , *} be a loop. We define L to be a pure 
neutrosophic interval loop. If we replace [0, al] by [0, x+yl] x 
and y in Z n or Z + u {0} or Q + u {Oj or R + u {0} then we call L 
to be a mixed neutrosophic interval loop. 

We will give examples of them. 

DEFINITION 1.4.3: Let L = Lj u L 2 where Lj and Li are 
neutrosophic interval loops such that L; Z L 2 , L; <Z L 2 and L 2 <Z 
L j. Then we define L to be a neutrosophic interval biloop. 

We will for sake of completeness recall the definition of 
interval loop and neutrosophic interval loop. 

Example 1.4.3: Let V = {[0, a+bl] la, be {e, 1, 2, ..., 17}, 5, 
*} be a mixed neutrosophic interval loop of order 18 2 . 

Example 1.4.4: Let M = {[0, a+bl] la, be {e, 1, 2, ..., 13}, 8, 
*} be a mixed neutrosophic interval loop of order 14 2 . 

Now we can define the notion of neutrosophic interval 
biloop, which is a matter of routine [9, 13]. Just l ik e a 
neutrosophic group does not satisfy all group axioms so also a 
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neutrosophic loop may not in general satisfy all axioms of a 
loop. 

We will illustrate this situation by some examples. 

Example 1.4.5: Let L = Li u L 2 = {[0, al] I a e {e, 1, 2, ..., 
23}. * 8} u {[0. bl] I b e {e, 1, 2, ..., 19}. 8, *} be a pure 
neutrosophic interval biloop of order 24 x 20. 

Example 1.4.6: Let L = Li u L 2 = {[0, al] I a e {e, 1, 2, ..., 
45}, *, 16} u {[0. al] I a e {e, 1, 2, .... 27}, *, 10} be a pure 
neutrosophic interval biloop of order 46 x 28. 

Example 1.4.7: Let L = Li u L 2 = {[0, al] I a e {e, 1, 2, ..., 
11}, 8, *} u {[0, al] I a e {e, 1, 2, ..., 13}, 8, *} be a pure 
neutrosophic interval biloop of order 12 x 14. 

Inview of this we have the following theorem. 

THEOREM 1.4.1: Let L = Lj uL 2 = ([ 0 , al] I a e {e, 1, 2, ..., 
n }, n odd n > 3 and *, m, (m, n) = 1 (m—1, n) = 1 m < nj U 
{[0, al] I a e {e, 1, 2, ..., s); *, s > 3, s odd, t, (t,s)=l, (t-l,s) = 
1, t < sj. L is a pure neutrosophic interval biloop of order 
(n+1) (s+1). 

Proof is direct, if need be refer [9, 13]. We call a pure 
neutrosophic interval biloop to be a Smarandache pure 
neutrosophic interval biloop if each of the pure neutrosophic 
interval loop is Smarandache. 

We will give examples of them. 

Example 1.4.8: Let L = Li u L 2 = {[0, al] I a e {e, 1, 2, ..., 
13}, 8, *} u {[0, al] I a e {e, 1, 2, ..., 17}, 12, *} be a pure 
neutrosophic interval biloop of order 14 x 18. 

THEOREM 1.4.2: Let L = L, uL 2 = {[0, all I a e {e, 1, 2, ..., 
n] n odd n > 3, m, m<n with (m, n) - 1 = (m—1, n), *] U {[0, 
al] I a e (e, 1, 2, ..., sj, s > 3, s odd; t < s, (t, s) = (t-1, s) = 1, 
*} be a pure neutrosophic interval biloop. Then the following 
are true. 

1. L is of even biorder. 
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2. ILI = 2 2 N (N a positive number >9). 

3. L is a Smarandache pure neutrosophic interval biloop. 
This proof involves only simple number theoretic 

techniques [9, 13]. We say a pure neutrosophic interval biloop 
is commutative if both the pure neutrosophic interval loops are 
commutative. If only one of them is commutative we say the 
interval biloop is quasi commutative. We will give examples of 
them. 

Example 1.4.9: Let L = Li u L 2 = {[0, al] I a e {e, 1, 2, ..., 

17}, *, 9} u {[0, al] I b e {e, 1, 2, ..., 25}, *, 13} be a pure 

neutrosophic interval biloop. L is a commutative biloop. 

Example 1.4.10: Let L = Li u L 2 = { [0, al] I a e {e, 1, 2, ..., 
17}, *, 7} u {[0, al] I b e {e, 1, 2, ..., 25}, 8, *} be a pure 
neutrosophic interval biloop. L is a non commutative biloop. 

Example 1.4.11: Let L = Li u L 2 = { [0, al] I a e {e, 1, 2, ..., 

23}, *, 8} u {[0, al] I b e {e, 1, 2, ..., 15}, *, 14} be a pure 

neutrosophic interval biloop. L is a quasi commutative pure 
neutrosophic interval biloop. 

THEOREM 1.4.3: Let L = L, uL 2 = {[0, al] I a <e {e, 1, 2, ..., 

, n + 1 , . _ , m + / 

nj, — — — , *} u {[0, bl] I b e {e, 1, 2, ..., mj, — — — , *} be a 

pure neutrosophic interval biloop. L is a commutative. 

This proof also requires only simple number theoretic 
techniques. 

We can define several identities in case of pure 
neutrosophic interval biloops as in case of usual biloops. 

L ns (I) = j[0, a] I a e {e, 1, 2, ..., n} n > 3, n odd; m < n 
(m-1, n) = (m, n) = I e {[0, bl] I be {e, 1, 2, ..., s}, s > 3, s 
odd, t < s, (t, s) = (t — 1, s) = 1 } denote the class of pure 
neutrosophic interval biloops each of order (n+1) x (s+1). 

Further if n = p“‘...p“ k and s = qf 1 ...q[' b then the number of 
pure neutrosophic interval biloops in L ns (I) is 

(n(p i -2)pr') x (n<<!, 



60 




Thus we will denote the class of pure neutrosophic biloop 
by L ns (I); n and s odd greater than three. 

Example 1.4.12: Let L = Li u L 2 = { [0, al] I a e { e, 1, 2, 

19}, 2, *} u {[0, bl] I b e {e, 1, 2, 23}, 2, *} be a pure 

neutrosophic interval biloop. L is a pure neutrosophic interval 
right alternative biloop. 

Example 1.4.13: Let L = Li u L 2 = { [0, al] I a e {e, 1, 2, ..., 
47}, *, 46} u {[0, al] I a e {e, 1, 2, ..., 53}, *, 52} be a pure 
neutrosophic interval biloop. L is a left alternative interval 
biloop which is not right alternative. 

Inview of this we have the following theorem. 

THEOREM 1.4.4: Let L = L 2 uL 2 = (]0, al] I a e { e , 1, 2, ..., 
nj, 2, *} u {[0, bl] I b e {e, 1, 2, ..., sj, *,2} where n> 3, s > 
3, n and s odd be a pure neutrosophic interval biloop. L is a 
right alternative pure neutrosophic interval biloop. 

The proof is got by using simple number theoretic 
techniques. 

THEOREM 1.4.5: Let L = L] uL 2 = (]0, al] I a e (e, 1, 2, ..., 
n], n >3 n - odd, * n-1] u{[0, bl] I b e {e, 1, 2, ..., m], m > 3, 
m odd; m-1 ] be a pure neutrosophic interval biloop. L is a left 
alternative pure neutrosophic interval biloop. 

This proof is left as an exercise to the reader . 

COROLLARY 1.4.1: Let L ns (I) be the class of pure neutrosophic 
interval biloops n>3 and s>3, n and s odd. L ns (I) has exactly 
one left alternative interval biloop and only one right 
alternative interval biloop and no alternative interval biloop. 

Infact the class of pure neutrosophic interval biloops L ns (I) 
does not contain (i) any moufang interval biloop (ii) any Bol 
interval biloop or Burck biloop. 

We can define pure neutrosophic interval bisubloop 
(subbiloop) Hi u H 2 Further if this pure neutrosophic interval 
subbiloop Hi u H 2 contains a proper subset T=T [ u T 2 such that 
T is a pure neutrosophic interval bigroup then we define Hi u 
H 2 to be a Samarandache pure neutrosophic interval subbiloop. 
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We have following theorem the proof of which is direct. 



THEOREM 1.4.6: Let L= Li u L2 be a pure neutrosophic 
interval biloop. If L has H= Hi U Hi to be a pure neutrosophic 
interval subbiloop which is Smarandache then L itself is a 
Smarandache pure neutrosophic interval biloop. 

If a pure neutrosophic interval biloop L = Li uL 2 has only 
pure neutrosophic interval bisubgroups then we define L to be a 
Smarandache pure neutrosophic interval subbigroup biloop. 

Example 1.4.14: Let L = Li u L 2 = { [0, al] I a e {e, 1, 2, ..., 
7}. 4, *} u {[0. bl] I b e {e, 1, 2, ..., 17}, 9, *} be a pure 
neutrosophic interval biloop. L is a Smarandache pure 
neutrosophic interval subbigroup biloop. 

In view of this we have the following theorem. 

THEOREM 1.4.7: Let L pq (I) be the class of pure neutrosophic 
interval biloops p and q primes greater than three. The class of 
biloops L pq (I) is a Smarandache pure neutrosophic interval 
subbigroup biloop. 

Proof follows by using simple number theoretic techniques. 
We can define the notion of Smarandache pure neutrosophic 
interval normal subbiloop if the subbiloop is normal. If the pure 
neutrosophic interval biloop has no normal subbiloop we define 
them to be Smarandache simple pure neutrosophic interval 
biloop. 

Example 1.4.15: Let L = Li u L 2 - {[0, al] I a e {e,l,2,..., 
19}, 9, *} u { [0,bl] I b e {e,l,2, ..., 19}, 12,*} be a pure 
neutrosophic interval biloop. L is S-simple. 

Inview of this we have the following theorem which shows 
the existence of a class of S-simple pure neutrosophic interval 
biloops. 

THEOREM 1.4.8: Let L mn (I) be the class of pure neutrosophic 
interval biloops; L rnn (I) is Smarandache simple. 

The proof is direct hence left as an exercise to the reader. 

Let L = Li u L 2 be a S-pure neutrosophic interval biloop. 
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Let A= A[UA 2 c Li u L 2 be a pure neutrosophic interval 
subbigroup of L . a = ai u a 2 e A = A 2 u A 2 is said to be a 
Smarandache Cauchy bielement of L. ([0, a 2 I] u [0, a 2 I]) r = 
([0, aj] 1 u [0, a 2 l]') =[0, el] u [0, el]; otherwise a in A is not a 
S-Cauchy bielement of L. 

Example 1.4.16: Let V= V| u V 2 = {[0, al] I a e{e,l,2,..., 
11},* 8}u {[0, bl] I b e{e,l,2,..„ 15], 8, * } be a S- pure 
neutrosophic interval biloop. Consider x = [0, 31] u [0, 101] e 
V; we see x 2 - ([0, 31] u [0, 10I]) 2 = [0, el] u [0, el]. 

Thus x is a S- Cauchy bielement of V. 

Note: If in a S- pure neutrosophic interval biloop every 
bielement is a S-Cauchy bielement then we define the biloop to 
be a S-pure neutrosophic Cauchy interval biloop or S-Cauchy 
pure neutrosophic interval biloop or pure neutrosophic interval 
S- Cauchy biloop. 

We will give an example of a S-pure neutrosophic interval 
Cauchy biloop. 

Example 1.4.17: Let L = L 2 u L 2 = {[0,al] I a e {e,l,2,..., 27], 
11, *} u { [0,al] I a e{e,l,2,..„ 47], 12, *} be a pure 
neutrosophic interval biloop. L is a S-Cauchy pure neutrosophic 
interval biloop. 

Example 1.4.18: Let L = L 2 u L 2 = {[0, al] I a e{e,l,2,..., 
29], 12, *} u {[0, al] I a e {e,l,2,..„ 33], *, 17} be a pure 
neutrosophic interval biloop which is S-Cauchy biloop. 

We in the following theorem show there exists a class of 
pure neutrosophic interval biloops of even order which are S- 
Cauchy. 

THEOREM.1.4.9: Let L mn (I)= {[ 0,al ] I a eje, 1,2,..., m}, t < m, 
m odd and m < 3; [t,m] = [t—1, m] = 1, *} U j[0, al] I a 
e{e, 1 , 2,..., nj; s < n, n odd and n < 3; [s, n ]= [s—l,n] = 1, *} 
be the class of pure neutrosophic interval biloops . L mn (I) is a 
class of S-Cauchy pure neutrosophic interval biloops. 
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This proof is also simple directly follows from the 
definition of loops [9, 13]. 

We can as in case of biloops define the notion of 
Smarandache Lagrange interval biloop and Smarandache 
weakly Lagrange interval biloop which is direct and hence is 
left as an exercise to the reader [9, 13]. 

We provide examples of them. 

Example 1.4.19: Let L = Li u L 2 - {[0,al] I a e {e,l,2,..., 19], 
8, *} u {[0,al] I a e{e,l,2,..., 53], 9, *} be a pure neutrosophic 
interval biloop. L is a Smarandache pure neutrosophic interval 
Lagrange biloop or pure neutrosophic interval Smarandache 
Lagrange biloop. 

Example 1.4.20: Let L = Lj u L 2 = {[O.al] I a e {e,l,2,..., 45], 
14, *} u{[0, al] I a e {e,l,2,..., 25], *,7} be a pure neutrosophic 
interval biloop. L is a Smarandache weakly Lagrange pure 
neutrosophic interval biloop. 

We have a class of pure neutrosophic interval biloops which 
are Smarandache Lagrange and a class of pure neutrosophic 
interval biloop which is Smarandache weakly Lagrange. 

These situations are given by the following theorems. 

THEOREM 1.4.10: Let L pq (I)= {[ 0,al ] I a e{e,l,2,..., pj, s <p, s; 
* p an odd prime greater than 3} u {[0,al] I a e(e, 1 , 2 ,..., qj, 
r<p, r, *; q an odd prime greater than three) be a class of pure 
neutrosophic interval biloops. Every biloop in this class of 
interval biloops L pq (l) is a Smarandache Lagrange pure 
neutrosophic interval biloop. 

The proof follows from the fact the order of every biloop is 
(p+1) (q+l)=2 m (m<q). Hence these biloops have only 
subbigroups of order 2.2. 

THEOREM 1.4.11: Let L mn (I)= {[0,al] I a e (e, 1,2,..., nj, * n 
odd n > 3,t; t<n, (t—l,n)= (t,n)=l, *) u {[0,al] I a e{e, 1.2,..., 
m }, * m odd, m > 3, s s<m; (s—1, m)= (s,m)= 1, *) be the class 
of pure neutrosophic interval biloops. Every interval biloop in 
this class is a Smarandache weakly Lagrange interval biloop. 
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Proof follows from the fact every { [0,al] u [0, bl], [0, el] u 
[0, el] } c L = Li u L 2 e L mn (I) is a subbigroup of order four 
and o (L) = 2 2 .m (m > 9). 

Now we can define the notion of Smarandache (pi, p 2 ) 
Sylow interval subbiloops of a pure neutrosophic interval 
biloop. 

Suppose L = Li u L 2 is a pure neutrosophic interval biloop 
of finite order. Let p h p 2 be two primes (distinct or otherwise) 
such that pi p 2 / o (L). Suppose A = Ai u A 2 c Li u L 2 be a 
Smarandache pure neutrosophic subbiloop of L of order mmi 
and if B = B[ u B 2 c Ai u A 2 = A is a pure neutrosophic 
interval subbigroup of A of biorder pip 2 and if pip 2 / mim 2 , then 
we say L is a Smarandache (pi, p 2 )- Sylow pure neutrosophic 
interval bisubgroup. 

Example 1.4.21: Let L= Lj u L 2 = { [0,al] I a e {e,l,2,..., 23}. 8, 
*} u {[O.al] I a e{e,l,2,..., 43}. 8, *} be a pure neutrosophic 
interval biloop, L is a Smarandache (2,2)- Sylow biloop. 

We say a finite biorder Smarandache strong (pi, p 2 )- Sylow 
biloop if every subbigroup is of a prime power biorder and 
divides biorder of L. We will give example of it. 

Example 1.4.22: Let L = Li u L 2 = {[O.al] I a e{e,l,2,.„, 
11},*, 9} u { [O.al] I a e{e,l,2„.„ 11}, *10} be a pure 
neutrosophic interval biloop. L is a Smarandache strong (2, 2) 
Sylow interval biloop. 

In view of this we have the following theorem. 

THEOREM 1 . 4 . 12 : Let L pq (I) = {[0,al] I a e{e,l,2,...,p}, p an 
odd prime greater than 3,t, t < p; ( t,p ) = (t—1, p) = 1, *} U 
{[0,al] I a e{e,l,2,..., qj, q an odd prime greater than 3,s, s<q, 
(s,q)= (s-l,q)= l,*j be the class of pure neutrosophic interval 
biloops. Every biloop in L pq (I) is a Smarandache strong (2,2) 
Sylow interval biloop. 

We can define as in case of biloops in case of pure 
neutrosophic interval biloops also the notion biassociator, 
Smarandache bicyclic and Smarandache strong bicyclic biloops. 
We call a pure neutrosophic interval biloop to be a 



65 




Smarandache cyclic biloop if L = Li u L 2 contains a bisubset A 
= Ai u A 2 such that A is a cyclic bigroup. If every proper 
bisubset A of L which is a subbigroup is bicyclic then we say 
the interval biloop is a Smarandache strong pure neutrosophic 
interval bicyclic loop. We will first provide examples of this 
concept. 

Example 1.4.23: Let L = Li u L 2 = { [0,al] I a e {e,l,2,..., 27}, 
* 8} u { [0,al] I a e {e,l,2,..., 30}, *, 14} be a pure neutrosophic 
interval biloop. L is a Smarandache cyclic pure neutrosophic 
interval biloop. 

Example 1.4.24: Let P=Pi u P 2 = { [0,al] I a e{e,l,2,..., 47}, 

*,9} u { [0,al] I a e {e,l,2,..., 53}, *, 9} be a pure neutrosophic 
interval biloop. P is a Smarandache strong cyclic interval 
biloop. 

In view of this we have the following theorem. 

THEOREM 1.4.13: Let L pq (I)= {[ 0,al ] I a e(e, 1,2,..., pj; p a 
prime greater than 3 and n < p ; n, *} u {[0,al] I a £{e, 1,2,..., 
cj}, q a prime, q>3; m; m<q, *} be a class of pure 
neutrosophic interval biloops. Every pure neutrosophic interval 
biloop in L pq (I) is a Smarandache strongly cyclic biloop. 

The proof is direct follows from the fact that every distinct 
bipair generates a bisubloop or the whole biloop. We can define 
for a pure neutrosophic interval biloop L- Li uL 2 the notion of 
biassociator of L denoted by A(L) = A(Li) uA(L 2 ). 

Example 1.4.25: Let L = Li u L 2 ={[0,al] I a e { e, 1 ,2,..., 27}, 
20, *} u { [O.al] I a e{e, 1, 2, ..., 23}, *, 20} be a pure 
neutrosophic interval biloop. The associator of L is A(L) = 
A(L|) u A(L 2 ) = LuL 2 =L. 

In view of this we have the following theorem. 

THEOREM 1.4.14: Let L mn (I)= {[0,al] I a e (e,l,2, ..., mj, s, s 
<m, *} u{[0,al] I a e{e,l,2,..., nj, t, t < n , *} m and n odd 
greater than three be the class of pure neutrosophic interval 
biloops. Every pure neutrosophic interval biloop L= Lj U L 2 in 
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L mn (I) is such that A(L)=A(Lj UL2) = A(Lj) uA (L,2)= Lj UL2 
= L. 

The proof is direct based on the definition of associator 
[9, 13]. We can define for these biloops the notion of first and 
second binormalizers. 

In particular the first binormalizer in general is not equal to 
the second binormalizer. Interested reader can supply with 
examples. Several interesting properties derived for biloops can 
also be derived for pure neutrosophic interval biloops with 
appropriate modifications. Further these properties can be easily 
extended in case of mixed neutrosophic interval biloops. We 
will only give examples of them. 

Example 1.4.26: Let L = Li u L 2 = { [0,a+bl] I a, b e Z 7 , 3, *} 
u {[ 0 , a + bl] I a, b e Z 19 , *, 8 } be a mixed neutrosophic 
interval biloop of finite order. 

Clearly this biloop contains as a subbiloop both pure 
neutrosophic interval biloop as well as just interval biloop. We 
now proceed on to define quasi neutrosophic interval biloop. 
We call L= Li u L 2 to be a quasi neutrosophic interval biloop if 
one of Li or L 2 is a pure neutrosophic or a mixed neutrosophic 
interval loop and the other is just an interval loop. We will 
illustrate this situation by some examples. 

Example 1.4.27: Let V= Vi u V 2 = {[O.a] I a e Z 15 , *, 8 } u 
{[0,al] I a e Z 43 ,*, 8 } be a quasi neutrosophic interval biloop of 
finite order. 

Example 1.4.28: Let L = Li u L 2 = {[0,al+b] I a.b e Z 47 ,*, 9} 
u {[0,a] I a e Z i9 , *,9} be a quasi neutrosophic interval biloop 
of finite order. 

Example 1.4.29: Let L= L, u L 2 = { [0,a] I a e Z i7 ,*, 8 } u 
{[O.al] I a e Z i7 , 12} be a quasi neutrosophic interval biloop of 
finite order. 

Example 1.4.30: Let L = Li u L 2 = {[0,a] I a e Z 29 , * 7} u 
{ [O.a+bl] I a, b e Z 29 , * , 21 } be a quasi neutrosophic interval 
biloop of finite order. 
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For these class of biloops also. We define pure neutrosophic 
or mixed neutrosophic quasi interval biloops as follows. Let L= 
Li u L 2 if only one of Li or L 2 is a neutrosophic interval loop 
and the other is just a neutrosophic loop. 

We will give examples of this structure . 

Example 1.4.31: Let L = Li u L 2 = { LI 25 (9) } u { [0,al] I a 
e{e,l,2,..., 29, *,9} be a neutrosophic quasi interval biloop of 
finite order where Li ={al I a e { e, 1 ,2,..., 25}, 9, *}. 

Example 1.4.32: Let L = Lj u L 2 = { [0,al] I a e {e, 1,2,..., 23}, 
*,19} u { al I a e{e,l,2,..., 23}, *, 22} be a neutrosophic quasi 
interval biloop of order 24 x 24. 

Example 1.4.33: Let L = Li u L 2 = { [0,a+bl] I a, b e {e,l,2, ..., 
26, 27}, 11,*} u { al I ae {e,l,2,..., 47}, 11,*} be a neutrosophic 
quasi interval biloop of finite order 28 x 48. 

Example 1.4.34: Let L = Li u L 2 = {al I a e{e,l,2, ..., 13}, 

9,*} u {[0,a+bl] I a,b e{e,l,2,..., 13}, 9, * } be a neutrosophic 
quasi interval biloop of order 14 2 =196. 

We can derive almost all the results discussed in this section 
about pure neutrosophic interval biloops to the class of quasi 
neutrosophic interval biloops to the class of quasi neutrosophic 
interval biloops with simple modifications. We can still define 
another type of biloop which we choose to call as quasi 
neutrosophic quasi interval biloop if only one of Li or L 2 is a 
interval loop other just a loop and only one of them is 
neutrosophic other just not neutrosophic then we call L= Li u 
L 2 to be a quasi neutrosophic quasi interval biloop. We will now 
proceed on to give examples of them. 

Example 1.4.35: Let L= LuL 2 = { L 9 (8) } u{[0, al] I a e{e, 

1, 2, .... 47}, 8, *} be a quasi neutrosophic quasi interval biloop. 

Example 1.4.36: Let L= Lj u L 2 = { [0,a] I a e {e, 1, 2, ..., 
43}, 10, *} u {al I a e {e, 1, 2, ..., 23}, *, 10} be a quasi 
neutrosophic quasi interval biloop of finite order. 
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Example 1.4.37: Let V=Vi u V 2 = { [0,a+bl] I a,b e {e,l,2,..., 
11}, 8,*} u {a I a e{e,l,2,..., 13}, 8,*} be a quasi neutrosophic 
quasi interval biloop. 

Consider M=Mj u M 2 = {[0,a+bl] I a, b e {e,l,2,..., 5}, *,3} 
u {a I a e{l,2,..., 5}, *, 3} is not a quasi neutrosophic quasi 
interval biloop as M 2 cMj, 

However if P = Pi u P 2 = {[0, a+bl] I a,b e{e,l,2, 5},*, 

3} u {a I a e{e,l,2,..., 5}, *, 4} is a quasi neutrosophic quasi 
interval biloop. Now one can define neutrosophic interval loop- 
group, quasi neutrosophic interval loop-group and quasi 
neutrosophic quasi interval loop-group. 

We only give examples of them. 

Example 1.4.38: Let L= Li u L 2 = { [0,al] I a e {e,l,2,..., 
25},*, 12} u { [0,a+bl] I a,b g Z 2 5 , r } be a neutrosophic interval 
loop-group of finite order. 

Example 1.4.39: Let P = Pi u P 2 = { [0,al+b] I a,b e { e, 1 ,2, . . 

. 29}, *, 12} u { [0,al] I a e Z 45 , + } be a neutrosophic interval 
loop-group of finite order. 

Example 1.4.40: Let M = Mj u M 2 = {[0,a+bl] I a,b e Z 280 , 
+ } u {[0,a+bl] I a, b e {e,l,2,..., 13}, 12, *} be a neutrosophic 
interval group-loop. 

Example 1.4.41: Let M=Mj u M 2 = { [0,a] I a eZ 45 , +} 

u{[0,a+bl] I a,b e { e, 1 ,2,..., 43}, 8,*} be a quasi neutrosophic 
interval group-loop of finite order. 

Example 1.4.42: Let R= Ri u R 2 ={[0,a+bl] I a,b e Z 25 ,+ } u 
{[0,a] I a e {e,l,2,..., 47}, 19,*} be a quasi neutrosophic interval 
group-loop. 

Example 1.4.43: Let T = Ti u T 2 = {[0,al] I a e Z 5 I \ {0}, x} 
u { [0,a] I a e {e, 1,2,. ..,43}, 19,*} be a quasi neutrosophic 
interval group-loop. 

Example 1.4.44: Let T = TiuT 2 =j [0,a] I a e Z i9 \ {0}, x} u 
{[0,a+bl] I a,b e{e,l,2,.„, 33}, 14, *} be a quasi neutrosophic 
interval group-loop of finite order. 
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Example 1.4.45: Let V=Vi uV 2 = {[0,a+bl] la, be Z 40 ,+ } u 
{ al I a g {e,l,2,..., 43},*, 8} be a neutrosophic quasi interval 
group- loop. 

Example 1.4.46: Let M=Mi u M 2 ={ [0,a+bl] I a, b e {e,l,2,.„, 
43}, 29,*} u {al I a e Z L3 \ {0}, x} be a neutrosophic quasi 
interval loop-group of finite order. 

Example 1.4.47: Let B = B| u B 2 = {[0,a+bl] I a, b e 

Z 425 ,+ }u{ [al I a g [e,l,2,..., 47}, 9,*} be a neutrosophic quasi 
interval group-loop of finite order. 

Example 1.4.48: Let V=Vi u V 2 = { [0,al] I a g [e,l,2,.„, 15}, 
8, *} u {Zi 48 ,+ } be a quasi neutrosophic quasi interval loop- 
group. 

Example 1.4.49: Let M = Mi u M 2 = {[0, al] I a g Zi 45 , +} u 
{ L 29 (8), *} be a quasi neutrosophic quasi interval group-loop. 

Example 1.4.50: Let P = Pi u P 2 = {[0, a+bl] I a, b e {e, 1, 2, 
..., 29}, 19, *} u { Z19 \ {0}, x} be a quasi neutrosophic quasi 
interval loop-group. 

Now the notion of substructures can be easily derived and 
described by any interested reader. 

We can define the new notions of neutrosophic interval loop 
- semigroup, quasi neutrosophic interval loop - semigroup, 
neutrosophic quasi interval loop - semigroup and quasi 
neutrosophic quasi interval loop - semigroup, it is left to the 
reader, however we give examples of them. 

Example 1.4.51: Let V = Vi u V 2 = { [0, al] I a e {e, 1, 2, ..., 
23}, 10, *} u {[0, a+bl] I a, b g Z 40 , x} be a neutrosophic 
interval loop - semigroup. 

Example 1.4.52: Let M = Mj u M 2 = {[0, a+bl] I a, b g Z + u 
{ 0}, x} u {[0, a+bl] I a, b g [e, 1, 2, ..., 41}, 8, *} be a 
neutrosophic interval loop-semigroup. 

Example 1.4.53: Let M = Mi u M 2 = {([0, ad], [0, a 2 I], [0, 
a 3 I], [0, a 4 I]) I a ; g Z + u {0}, x; 1 < i < 4} u { [0, a+bl] I a, b g 
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{e, 1, 2, 13}, 8, *} be a neutrosophic interval semigroup - 

loop. 

Example 1.4.54: Let P = Pi u P 2 = {[0, a] I a e {e, 1, 2, 

19}, 8, *} u {[0, a+bl] I a, b e Z 24 , x} be a quasi neutrosophic 
interval loop - semigroup. 

Example 1.4.55: Let S = Si u S 2 = {[0. a] I a e Z 45 , x} u 
{[0, a+bl] I a, b e {e, 1, 2, ..., 23}, 18, *} be a quasi 
neutrosophic interval semigroup - loop. 

Example 1.4.56: Let P = Pi u P 2 = {[0, a+bl] la, be {e, 1,2, 
..., 43}, 10, *} u {[0, a] I a e Z 42 , x} be a quasi neutrosophic 
interval loop - semigroup. 

Example 1.4.57: Let M = Mj u M 2 = {[0, al] I a e Z 40 , x} u 
{[0, a+bl] I a, b e {e, 1, 2, ..., 29}, 20, *} be a neutrosophic 
interval semigroup - loop. 

Example 1.4.58: Let M = Mi u M 2 = {Z 45 I, x} u { [0, a+bl] I a, 
b e {e, 1, 2, ..., 23}, *, 8} be a neutrosophic quasi interval 
semigroup - loop. 

Example 1.4.59: Let G = Gi u G 2 = { [al] I a e {e, 1, 2, ..., 
23}, 12, *} u {[0, a+bl] I a, b e Z 40 , x} be a neutrosophic quasi 
interval loop - semigroup. 

Example 1.4.60: Let P = Pi u P 2 = {Z 40 I, x} u { [0, al] I a e {e, 
1, 2, ..., 41 }, 9, *} be a neutrosophic quasi interval semigroup - 
loop. 

Example 1.4.61: Let B = B| u B 2 = {Z 44 , x} u { [0, al+b] I a, b 
e {e, 1,2, ..., 47}, *, 12} be a quasi neutrosophic quasi interval 
semigroup - loop. 

Example 1.4.62: Let C = Ci u C 2 = {[0, a+bl] I a, b e Z + u 
{0}, x} u { L 2 7 (8)} be a quasi interval semigroup - loop. 

Now having seen quasi non associative bistructure we now 
proceed onto give examples of the non associative bistructures 
viz. loop - groupoids of various types. 
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Example 1.4.63: Let M = Mj u M 2 = { [0, al] I a e Z 25 , (3, 8), 
*} u {[0, a+bl] I a, b e {e, 1, 2, 45}, 8, *} be a neutrosophic 

interval groupoid - loop of finite order. 

Example 1.4.64: Let M = Mi u M 2 = { [0, a+bl] I a, b e Zi 40 , *, 
(8, 17)} u {[0, a+bl] I a, b e {e, 1, 2, 15}, 8, *} be a 

neutrosophic interval groupoid - loop. 

Example 1.4.65: Let S = Si u S 2 = { [0, al] I a e {e, 1, 2, ..., 
19}, 18, *} u {[0, al] I a e Z 480 , (17, 11), *} be a neutrosophic 
interval loop - groupoid. 

Example 1.4.66: Let S = Si u S 2 = { [0, al] I a e Z 42 , *, (11, 
19)} u {[0, a] I a e {e, 1, 2, ..., 23}, *, 18} be a quasi 
neutrosophic interval groupoid - loop. 

Example 1.4.67: Let T = TiuT 2 = {[0, al] I a e Z 43 , *, (12, 
11)} u {[0, a+bl] I a, b e {e, 1, 2, ..., 43}, *, 15} be a quasi 
neutrosophic interval groupoid - loop. 

Example 1.4.68: Let C = Ci u C 2 = { [0, al] I a e {e, 1, 2, ..., 
23}, *, 8} u {[0, al] I a e Z 41 , *, (3, 8)} be a neutrosophic quasi 
interval loop - groupoid. 

Example 1.4.69: Let R = Ri u R 2 = { [0, al] I a e Z 48 , *, (8, 1) } 
u {[al] I a e {e, 1, 2, ..., 49}, 9, *} be a neutrosophic quasi 
interval groupoid - loop. 

Example 1.4.70: Let N = Ni u N 2 = { [0, a] I a e Z 490 , *, (23, 
140} u {[al] I a e {e, 1, 2, ..., 29}, 9, *} be a quasi 
neutrosophic quasi interval groupoid - loop. 

Example 1.4.71: Let V = V! u V 2 - { [al] I a e Z 489 , *, (19, 29} 
u {[0, a] I a e {e, 1, 2, ..., 53}, 8, *} be a quasi neutrosophic 
quasi interval groupoid - loop. 

Since groupoid - loop is a non associative structure all 
identities and all properties associated with these structures can 
be studied with appropriate modifications. We now proceed of 
to define interval bistructures using matrices and polynomials. 
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Recall y [O.allx 1 is a neutrosophic interval polynomial in 

i=0 

the variable x where a, e Z n or Z + u {0} or R + u {0} or Q + u 
{0}. We can give on the collection of neutrosophic intervals 
polynomials semigroup structures or group structure or 
groupoid structure or loop structure when Z n is used only for 
semigroup - groupoid structure Z\ u{0] or R* u {0} or 
Q* u{0] coefficients are used as the interval coefficients. We 
will only give examples [9. 13]. 



Example 1.4.72: Let V = Vi u V 2 = 
[0,a,I] 



a , e Z 40 .+ 



u 



^7 



[0,a 2 I] 

[0,a 8 I] 

a^fO.Xjl] where x ; e {e, 1, 2, ..., 43}, 8, 



be a neutrosophic interval semigroup - groupoid. 



Example 1.4. 73: Let M = Mi u M 2 - 



2 > aI ] x ‘ 



i=0 



ae {e, 1,2,. ..,19}*, 8 



u 



tL a 7 



a Q a, n a,, a. 



a ; = [0, x;l]; x; e Z 42 , +} 



be a neutrosophic interval groupoid - semigroup. 
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Example 1.4.74: Let S = Si u S 2 = 

jgtaaiHx 1 a t e Z + u{0},xj u 

a i a 5 l 

2 6 a, =[0,x 1 I] where x ; e Z 20 , (8, 2), *} 

a 4 a 8 _ 

be a neutrosophic interval semigroup - groupoid. 



Example 1.4.75: Let X = Xi u X 2 = { [0, ai] I a e {e, 1, 2, 
31}, 9, *} u ajlx 1 la, e Z 20 ,*, (3,10)1 be a neutrosophic 



interval loop - groupoid. 

We can build several types of them l ik e quasi neutrosophic 
or quasi neutrosophic quasi interval bistructures. 



Example 1.4.76: Let L = L] u L 2 = {[0, a] I a e {e, 1, 2, ..., 

a i a 2 a 3 

37}, 9, *} u a 4 a 5 a 6 a i =[0,x i I] where x : e Z 40 , 
a 7 a 8 a 9 _ 

(3, 17), *} be a quasi neutrosophic interval loop - groupoid. 



Example 1.4.77: Let S = Si u S 2 = { [0, ai] I a e {e, 1, 2, ..., 

a i a 2 a 3 
a 4 a 5 a 6 

37}, 28, *} u l a? as a 4 =[0,x i I] where x, e Z 37 , 

a i0 a il a i2 
a i3 a i4 a i5 
L a i6 a i7 a 18 _| 

(2, 18), *} is a neutrosophic interval loop-groupoid. 

We can build bistructures in them and work as in case of 
other interval bistructures. 
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Chapter Two 



Neutrosophic Interval Birings and 
Neutrosophic Interval Bisemirings 



In this chapter we for the first time introduce the notion of 
neutrosophic interval birings, neutrosophic interval bisemirings, 
neutrosophic interval bivector spaces and neutrosophic interval 
bisemi vector spaces study and describe their properties. This 
chapter has three sections. In section one the notion of 
neutrosophic interval birings are introduced. 

Neutrosophic interval bisemirings are introduced in section 
two. In section three neutrosophic interval bivector spaces and 
neutrosophic interval bisemivector spaces are introduced and 
studied. 

2.1 Neutrosophic Interval Birings 

In this section we introduce the notion of neutrosophic 
interval birings and study their properties. 

DEFINITION 2.1.1: Let R = R / u R 2 where R 1 and If are 

distinct with R, a collection of neutrosophic intervals of the 
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special form [0, al] with a e Z n n, < oo which is a ring for i=l, 

2. We define R = Rj u R 2 to be a pure neutrosophic interval 
hiring. 

If instead of [0, al] we use [0, a+bl] ; a, b g Z n we call R to 
be a mixed neutrosophic interval biring or just neutrosophic 
interval biring. Clearly using Z + u {0} or R + u {0} or Q + u 
{ 0 } in the place of Z n will not give R a ring structure. 

We will illustrate this situation by some examples. 

Example 2.1.1: Let R = Ri u R 2 — { [0, al] I a g Z 20 , +, x } u 
{ [0, bl] I b g Z 42 , +. x } be a pure neutrosophic interval biring of 
order 20 x 42. 

Clearly R is commutative with [0, 1] u [0, I] as its 
multiplicative identity. 

Example 2.1.2: Let R = Ri u R 2 = { [0. al] I a g Z 19 , +. x} u 
{ [ 0 , bl] I b g Z 13 , +. x} be a pure neutrosophic interval biring of 
finite order. 

Clearly R has no zero divisors. Infact R has no 
idempotents. R is a neutrosophic interval bifield of order 19 x 
13. 

Example 2.1.3: Let B = Bi u B 2 = { [0, al] I a g Z 40 , +. x} u 
{[0, bl] I b g Z 12 , +. x} be a neutrosophic interval biring. B has 
bizero divisors. For take 

x = [0. 101] u [0. 31] 
and y = [0. 41] u [0. 41] in B. 

Clearly x.y = [0] u [0]. B has biunits. For take x = [0, 391] 
u [0. Ill] in B; we get x 2 = [0, I] u [0. I], B has 
biidempotents. Consider x = [0, 161] u [0. 41] in B, we see x 2 
= x hence the claim. 

Thus these rings have bizero divisors, biunits and 
biidempotents. 

Example 2.1.4: Let M = MjU M 2 = { [0, al] I a g Z 40 , +, x} u 
{[0, al] I a g Z 4 i, +, x} be a neutrosophic interval biring. M has 
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no biidempotents but has biidempotents of the form x = [0, 161] 
u [0, I] in M, as x 2 = x. We call this type of biidempotents as 
quasi biidempotents. 

M has also quasi binilpotents, for take y = [0, 201] u [0, 0] 
we see y 2 = [0. 0] u [0. 0], 

We call a neutrosophic interval biring S = Si u S 2 in which 
one of Si or S 2 is a neutrosophic interval field as a quasi 
neutrosophic interval bifield. 

Example 2.1.5: Let V = Vi u V 2 = { [0, al] I a e Z 2 4 , +, x} u 
{[0, al] I a e Z 7 , +, x} be a quasi pure neutrosophic interval 
bifield. 

Inview of this we have the following theorem. 

THEOREM 2.1.1: Let R = R t UR 2 = {[0, al] I a e Z„; n a non 
prime, +, xj u {[0, al] \ a e Z p , p a prime, +, xj be a pure 
neutrosophic interval hiring. R is a pure neutrosophic quasi 
interval bifield. 

The proof is direct from the very definition. 

We can define pure neutrosophic interval subbiring and 
biideal which is simple hence left as an exercise to the reader. 

We give examples of them. 

Example 2.1.6: Let R = Ri u R 2 = { [0, al] I a e Z J2 , +. x} u 
{[0, al] I a e Zi 0 , +. x} be a pure neutrosophic interval hiring. 
Consider P = Pj u P 2 = { [0, al] I a e {0. 2, 4, 6, 8, 10} c Z 12 , x, 
+ } u {[0, al] I a e {0, 5} c Zi 0 , x, +} cRjU R 2 . Clearly P is a 
pure neutrosophic interval hiring and is nothing but P is a pure 
neutrosophic interval bisubring of R. We can easily verify that 
P is infact a biideal of R. 

Example 2.1.7: Let R = R 1 u R 2 - {[0, al] I a e Z 23 , +, x} u 
{ [0, al] I a e Z 23 , +, x } be a pure neutrosophic interval hiring. It 
is a bifield and hence has no ideals. 

We can study the notion of quotient birings in case of 
neutrosophic interval birings. 
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Let R = Ri u R 2 be a pure neutrosophic interval biring. J = 
Ii u L be a pure neutrosophic interval biideal of R. R/J = Ri/ L 
u R 2 /I 2 is the pure neutrosophic interval quotient hiring. 

We will illustrate this situation by some examples. 

Example 2.1.8: Let R = Ri u R 2 = {[0, al] I a e Z 12 , +, x} u 
{[0, al] I a g Z 15 , +. x} be a pure neutrosophic interval biring. 
Let J = L ul 2 = {[0. al] lae {0.2, .... 10} cZ 12 ,+, x} u {[0, 
al] I a g {0, 3, 6, 9, 12} c Z 15 , +, x} be a pure neutrosophic 
interval biideal of R. 

Consider R/J = R|/ L u R 2 /I 2 • 

= {l h [0,1] + L] u {I 2 , [0,1] + I 2 , [0, 21], I 2 }. We see R/I is a 
pure neutrosophic interval bifield isomorphic with { [0, al] I a g 
Z 2 , +. x} u {[0, al] I a e Z 3 , +, x}. We can also have the 
quotient rings as pure neutrosophic interval birings. 

Consider J = L u I 2 = { [0, al] I a g {0, 4, 8, 12, 16, 20], x, 
+ } u {[0, al] I a g {0, 10, 20], +, x} c Ri u R 2 , be a pure 
neutrosophic biideal of R. 

Take R/J = R ,/ Ii u R 2 /I 2 - {Ii, [0, 1] + I ls [0, 21] + Ii [0, 31] 
+ h} u [I 2 , [0, I] + I 2 , [0, 21] + I 2 , ...., [0, al] + I 2 } to be the 
quotient interval biring. 

Clearly R/J = Z 4 u Z i0 and is not a pure neutrosophic 
interval bifield only a pure neutrosophic interval biring. We 
cannot define hiring structures using R + u {0} or Q + u {0} or 
Z + u{0}. 

We define S = Si u S 2 to be a quasi neutrosophic interval 
biring if Si is a pure neutrosophic interval ring and S 2 is just an 
interval ring. We will give examples of them. 

Example 2.1.9: Let M = MjU M 2 = { [0, al] I a g Z 43 , +, x} u 
{ [0, a] I a g Z 42 , +, x } be a quasi neutrosophic interval biring. 

Example 2.1.10: Let P = Pi u P 2 = { [0, al] I a g Z n , +, x} u 
{ [0, a] I a g Z 7 , +, x } be a quasi neutrosophic interval bifield. 

Example 2.1.11: Let T = Ti u T 2 = { [0, a] I a g Z 43 , +, x} u 
{ [0, al] I a g Z 24 o, +, x } be a quasi neutrosophic interval quasi 
bifield. 
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Example 2.1.12: Let V = Vi u V 2 = { [0, a] I a e Z 24 , +, x} u 
{ [0, al] I a e Z 23 , +, x } be a quasi neutrosophic interval quasi 
bifield. 

Quasi neutrosophic interval birings also contain bizero 
divisors, biunits biidempotents and quotient birings can be 
constructed using biideals. This is a matter of routine and hence 
is left as an exercise to the reader. 

We see however we can construct neutrosophic quasi 
interval birings. We call R = Ri u R 2 to be a neutrosophic quasi 
interval biring if Ri is just a neutrosophic ring and R 2 is a 
neutrosophic interval ring. 

We will give examples of such birings. 

Example 2.1.13: Let V = Vi u V 2 = { [0, al] I a e Z 42 , +, x} u 
{ [Zi 5 I, +, x} be a neutrosophic quasi interval biring. V has 
bizero divisors and biunits. We see biunit element of V is [0, I] 
u I. Consider x = [0, 411] u 141 in V, x 2 = [0, 1] u I. Take x = 
[0, 211] u 51 and y = [0, 21] u 31 in V xy = 0 u 0. 

If P = Pj u P 2 = {[0, al] I a e 2Z 42 , +, x} u {3Z 15 I, +, x} c 
Vi u V 2 = V; P is a neutrosophic quasi interval bisubring of V 
as well as neutrosophic quasi interval biideal of V. 

Example 2.1.14: Let M = Mj u M 2 = { [0, al] I a e Z 7 , +, x} u 
{ Z 13 I, +, x} be a pure neutrosophic quasi interval bifield. 

M has no biideals or subbirings or bizero divisors. 

Example 2.1.15: Let V = Vj u V 2 = {Z 19 I, +, x} u {[0, al] I 
a e Z 40 , +, x] be a neutrosophic quasi interval quasi bifield. 
This V has only neutrosophic quasi interval quasi biideals, quasi 
biunits and quasi bizero divisors. 

Example 2.1.16: Let M = Mj u M 2 = { Z 25 I, +, x} u {[0, al] I 
a e Z 23 , +, x} be a neutrosophic quasi interval quasi bifield. M 
has only quasi biideals given by 1 = L u I 2 = {5Z 25 I, +, x} u 
{0}. Now we say a biring S = Si u S 2 is a quasi neutrosophic 
quasi interval biring if one of Si or S 2 is just a interval ring. 

We will give examples of them. 
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Example 2.1.17: Let V = V! u V 2 = {Z 40 , +, x} u { [0, al] I a g 
Z 27 , +, x } be the quasi neutrosophic quasi interval biring. 

This biring has biideals, bizero divisors, bisubrings etc. 

Example 2.1.18: Let V = ViuV 2 = {Zi 40 I, x, +} u {[0, a] I a 
g Z 20 , +, x } be a quasi neutrosophic quasi interval biring. 

Example 2.1.19: Let M = Mi u M 2 = {Zi 7 I, +, x} u {[0, a] I a 
g Z 43 , +, x } be a quasi neutrosophic quasi interval bifield. 

Example 2.1.20: Let V = Vi u V 2 = { [0, al] I a g Z j9 , +, x} u 
{Z 23 , +, x} be a quasi neutrosophic quasi interval bifield. 

Example 2.1.21: Let M = Mi u M 2 = { [0, al] I a g Z J3 , +, x} u 
{Z 45 , +, x} be a quasi neutrosophic quasi interval quasi bifield. 
This M has only quasi biideals, quasi biidempotents and quasi 
biunits. 

Example 2.1.22: Let T = Tj uT 2 = {Zn, +, x} u {[0, al] I a g 
Z 12 , +, x} be a quasi neutrosophic quasi interval quasi bifield. 

Example 2.1.23: Let P = Pi u P 2 = {Z 23 I, +, x] u { [0, a] I a g 
Z 42 o, +, x } be a quasi neutrosophic quasi interval bifield. 

Example 2.1.24: Let R = Ri u R 2 = { [0, al] I a g Z 53 , +, x} u 
{Z 425 I, +, x] be a quasi neutrosophic quasi interval quasi bifield. 

Now we can study the notions by replacing the pure 
neutrosophic intervals [0, al] by [0, a+bl] and derive interesting 
results. 

We give examples and indicate how it differ from pure 
neutrosophic bistructures. 

Example 2.1.25: Let R = Ri u R 2 = {[0, a+bl] I a, b g Z 4 o, x, 
+ } u {[0, a+bl] I a, b g Z [2 , x, +} be a neutrosophic interval 
biring. Clearly R is not a pure neutrosophic interval biring but 
R has pure neutrosophic interval subbiring and just interval 
biring, given by P = Pi u P 2 = { [0, bl] I b g Z 40 , +, x} u { [0, bl] 
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I b g Z 12 , +, x} c R is a pure neutrosophic interval subbiring 
which is also a pure neutrosophic interval biideal. 

Take S = Si u S 2 = { [0, a] I a g Z 40 , +, x} u {[0, a] I a g 
Z 12 , +, x} c R, S is a interval subbiring which is not an interval 
biideal. 

Apart from this if we take W = W; u W 2 = { [0. a+bl] I a, b 
g 2Z 40 , +. x} u { [0, a+bl] I a.b g 2Z i2 , +, x} cRjuR 2 = R,W 
is a neutrosophic interval subbiring which is a biideal of R. 

Example 2.1.26: Let S = Sj uS 2 = {[0, a+bl] I a, b g Z 246 , x, 
+ } u {[0, a+bl] I a, b g Z 9 , x, +} be a neutrosophic interval 
biring. This has bisubrings which are not biideals and 
bisubrings which are biideals. 

Inview of this we have the following theorem. 

THEOREM 2.1.2: Let M = M, uM 2 = ([0, a+bl] I a,b e Z„, x, 
+ j u {[0, a+bl] I a, b e Z m , x; +} m and n are distinct non 
prime numbers. M has P = P t u P 2 = {[0, al] I a e Z„, X, +} u 
j[0, bl] I b e Z m , x, +f c M, P is a subbiring as well as 
subbiideal. 

But T = Tj uT 2 = {[0, a] I a g Z n , x. +} u {[0, b] I b g Z m , 
x, + } c M is only a subbiring and is not a biideal of M. 

Proof is straight forward hence left as an exercise to the 
reader. 

Example 2.1.27: Let P = Pi u P 2 = { [0, a+bl] I a, b g Z 9 , +, x} 
8u {[0, a+bl] I a, b g Z i2 , +, x} be a neutrosophic interval 
biring. 

This has biideals and bisubrings. Take S = Si u S 2 = {[0, 
a+bl] I a, b g {0, 3, 6} c Z 9 , x, +} u {[0, a+bl] I a, b g {0. 4, 
8 }. +. x} c Pi u P 2 . S is a biideal of P. 

Take W = Wi u W 2 = { [0, a] I a, b g {0. 3, 6} c Z 9 , x. +} 
u {[0, a] I a g {0. 4. 8}. +, x} c Pi u P 2 = P; W is only a 
bisubring of P and is not a biideal of P. Thus P has subbirings 
which are not biideals. 

Consider P/S = Pi/Si u P 2 /S 2 = {Si, [0, a+bl] + Si I a, b g 
{0, 1, 2}, +, x} u {S 2 , [0, a+bl] + S 2 1 a, b g {0, 1, 2, 3}, +, x} 
is a biring. The order of P/S denoted by IP/SI = 9 u 16. 
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Now B = Bj u B 2 - {[0, al] I a e Z 9 , +, x} u {[0, bl] I b e 
Z12, +, x} c Pi u P2 is a biideal of P. 

Consider P/B = Pj/Bj u P 2 /B 2 = {B lt [0,1] + B h [0, 8] + 
Bj} u {B 2 , [0,1] + B 2 , [0,2] + B 2 , [0, 11] + B 2 ] is the 

quotient neutrosophic interval biring or neutrosophic interval 
quotient biring. 

These neutrosophic interval birings also contain 
zerobidi visors, biunits etc. 

Example 2.1.28: Let M = MjU M 2 = { [0, a+bl] I a, b e Z n , +, 
x] u {[0, a+bl] I a, b e Z13, +, x] be a neutrosophic interval 
biring. This has biideals. For take P = Pi u P2 = { [0, al] I a e 
Z n , +, x] cj {[0, al] I a g Z 13 , +, x] cz Mi M 2 — M is 
neutrosophic interval biideal. The quotient biring M/P = M1/P1 
u M2/P2 - {Pi, [0,1] + P 1? ..., [0, 10] + P b +, x] u {P 2 , [0,1] + 
P2, . . [0, 12] + P2, +, x] = Zn u Z13. 

Studies in this direction can be carried out by the interested 
reader. 

Example 2.1.29: Let M = Mi u M 2 = { [0, a+bl] I a, b e Zi 2 , +, 
x] u {[0. a+bl] I a, b e Z 2 o, +, x] be a neutrosophic interval 
biring. M has biideals, bisubrings, which are not biideals, 
biunits, bizero divisors and biidempotents. 

We can also define S = Si u S2 where Si is pure 
neutrosophic and S2 mixed neutrosophic still we call interval 
biring. 

We will give some examples of them. 

Example 2.1.30: Let V = Vi u V2 = { [0, al] I a e Z 12 , +. x] u 
{ [0, a+bl] I a, b e Z12, +. x } be the neutrosophic interval biring. 

Consider S = Si u S2 = { [0, al] I a e Z w , +, x] u { [0, a+bl] 
I a, b e Z 4 , +, x } , S is not a neutrosophic interval biring of S 1 c 

s 2 . 

Example 2.1.31: Let M = Mj u M 2 = {[0, al] I a e Z 24 , +, x] 
u {[0, a+bl] I a, b e Z 49 , +, x] be the neutrosophic interval 
biring. 
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This hiring has biideals, bisubrings, bizero divisors and so 
on. 



Example 2.1.32: Let P = Pi u P2 = {Z 5 I, +, x} u {[0, a+bl] I a, 
be Z 7 , +, x } be a neutrosophic quasi interval biring. 



Example 2.1.33: Let P = Pi u P2 = { [0, a+bl] I a, b e Z w , +, x} 
u { Z15, +, x} be a quasi neutrosophic quasi interval biring. 

We can define special type of neutrosophic interval birings. 



Example 2.1.34: Let 

T = Tj u T 2 = jxLO.alJx 1 



i=0 



ae Z 7 ,+,x| u 
a, be Z 10 ,+,x| 



i^[0,a + bl]x‘ 

U=o 

be a neutrosophic interval polynomial biring. 
Example 2.1.35: Let 



S = Si u S 2 = j ^[0,a]x‘ 



aeZ 40 ,+,x u 



^[0,a + bl]x‘ 



a, be Z 20 ,+,x 



be a quasi neutrosophic interval polynomial biring. 



Example 2.1.36: Let 



S = Si u S 2 = 




a G Z<26 5 




u 



^[0,a + bl]x‘ 



a, be 




be a neutrosophic quasi interval polynomial biring. 
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Example 2.1.37: Let 



A = AiuA 2 = 



^[0,a + bl]x‘ 



a, be 




u 



^[0,a + bl]x' 



a, be 




be a quasi neutrosophic quasi interval polynomial biring. 

Now likewise we can define neutrosophic interval matrix 
birings. 



Example 2.1.38: Let 

M = 1VL u M 2 = 



jrtaa,!] 

||_[0,a 3 I] 



[0.a 2 I] 
[0, a 4 I] 



ae Z 6 ,+,x 



u 



{P = (pij ) 5x 5 where p,, = [0, ayl] with ay e Z 12 , 1 < i, j < 5, x, +} 
be a neutrosophic interval matrix biring. 



Example 2.1.39: Let P = Pi u P 2 = {all 3 x 3 neutrosophic 
interval matrices with intervals of the form [0, a+bl] where a, b 
e Z 120 , +, x} u {all 8 x 8 neutrosophic interval matrices with 
intervals of the form [0, al] with a e Z 48 , +. x} be a 
neutrosophic interval matrix hiring. 



Example 2.1.40: Let M = Mi u M 2 = {all 10 x 10 neutrosophic 
interval matrices with intervals of the form [0. a+bl] where a, b 
e Z 2 7 , +. x} u {all 6x6 neutrosophic interval matrices with 
intervals of the form [0, a] with a e Z 48 , +. x} be a quasi 
neutrosophic interval matrix hiring. 

Example 2.1.41: Let P = Pi u P 2 = {all 3 x 3 interval matrices 
with intervals of the form [0, a] where a e Z 40 , +, x} u {all 
10x10 neutrosophic interval matrices with intervals of the form 
[0, al] with a e Zi 2 , +, x} be a quasi neutrosophic interval 
matrix hiring. 

Example 2.1.42: Let T = Ti u T 2 = {All 5x5 matrices with 
pure neutrosophic entries from Z 29 I } u { all 20x20 neutrosophic 
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interval matrices with intervals of the form [0, a+bl], a, b e Z J2 , 
+, x } be the neutrosophic quasi interval matrix biring. 

Example 2.1.43: Let P = Pj u P 2 = {All 3x3 matrices with 
entries form Z 42 , +, x } u { all 2x2 neutrosophic interval matrices 
with intervals of the form [0, a+bl] where a, b e Z 20 , +, x } be a 
quasi neutrosophic quasi interval matrix hiring. 

For these special type of birings also bisubstructures, bizero 
divisors, biunits etc can be defined and studied as a matter of 
routine. 

2.2 Neutrosophic Interval Bisemirings 

In this section we define the notion of neutrosophic interval 
bisemirings. It is important to note that in case of neutrosophic 
interval birings we could not use Z + u { 0 } or R + u { 0 } or Q + u 
{0} as they are not rings but in case of neutrosophic interval 
bisemirings we can make use of these positive reals, positive 
rationals and positive integers apart from the modulo integers 
Z n . 

Definition 2.2.1: Let P = P, uP 2 - {[ 0 , al] I a e z„ or z + u 
{ 0 } or R + u { 0 } or (Q + u { 0 }} u {[ 0 , al] I a e Z„ or Z + u { 0 } or 
Q + U { 0 } or R + u { 0 }} (or used in the mutually exclusive sense). 

Pi and P 2 are closed with respect + and X. So Pj and P 2 
are interval semirings. If Pi Z P 2 or P 2 <ZP 2 or P 2 <ZPi then we 
define P to be a neutrosophic interval bisemiring. 

In other words P = Pj U P 2 where P 2 and P 2 are two 
distinct neutrosophic interval semirings, then P is defined as the 
neutrosophic interval bisemiring. 

We give examples of them. 

Example 2.2.1: Let V = Vj u V 2 = {[0, al] I a e Z + u {0}, +, 
x} u {[0, al] I a e Z 9 , +, x} be a pure neutrosophic interval 
bisemiring. 

Example 2.2.2: Let T = Ti u T 2 = { [0, al] I a e R + u {0}, +, 
x} u {[0, al] I a e Z 42 , +, x( be a pure neutrosophic interval 
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bisemiring. Elements in T will be of the form [0, al] u [0, bl] 
where a e R + u { 0 } and b e Z 42 . 

Note: When we use {[0, al] I a e Z 9 , +, xj as a semiring ‘+’ 
denotes max and ‘x’ denotes min operation. 

Example 2.2.3: Let M = MjU M 2 = { [0, al] I a e Z 42 . +. x} u 
{[0, bl] I be Z 27 , +, x} be the pure neutrosophic interval 
bisemiring. 

Example 2.2.4: Let T = T 4 u T 2 = { [0, al] I a e 3Z + u {0}, +, 
x} u {[0, al] I a e 5Z + u {0}, +. x} be the pure neutrosophic 
interval bisemiring. 

Example 2.2.5: Let V = V, u V 2 = { [0. al] I a e 9Z + u {0}. +, 
x } u { [0, al] I a e 8Z + u { 0 } . +, x } be the neutrosophic interval 
bisemiring of infinite order. 

Now having seen neutrosophic interval bisemiring we can 
define bisubstructures in them [8]. 

We see in general the interval bisemirings are interval 
bisemifields. This is due to the fact that Z + c Q + c R + so we 
cannot define bisemifields which are distinct. Lurther if the 
entries are from Z n we see they are not strict interval 
bisemirings hence cannot be bisemifields. 

We can of course define mixed neutrosophic interval 
bisemirings. 

We will give only examples of this structure. 

Example 2.2.6: Let M = Mi u M 2 = {[0, a+bl] I a, b e Z 20 , +, 
x} u {[0, a+bl] I a, b e Z 49 , +, x} be a neutrosophic interval 
bisemiring. 

Example 2.2.7: Let P = Pi u P 2 = { [0, a+bl] I a, b e Z + u {0}, 
+, x} u {[0, a+bl] I a, b e Z 25 , +, x} be the neutrosophic 
interval bisemiring. 
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Example 2.2.8: Let Y = V 1 uV 2 =![0, a+bl] I a, b g 3Z + u 
{ 0 } , +, x } u { [0, al] I a g R + u { 0 } , +, x } be a neutrosophic 
interval bisemiring. V is not a bisemifield. 

M = Mi u M 2 = {[0. a+bl] I a. b g 9Z + u {0}, +, x} u {[0, 
al] I a g Q + u {0}, +, x} c Vi u V 2 is a neutrosophic interval 
bisubsemiring. 

Take T = Tj u T 2 - { [0. a] I a e 3Z + u {0}. +, x} u {[0. al] I 
a g Q + u {0}. +, x}c Vi u V 2 ; T is a quasi neutrosophic 
interval bisubsemiring of V. V is not a Smarandache 
neutrosophic interval bisemiring. 

Example 2.2.9\ Let P = P 2 u P 2 = { [0, al] I a g Z + u {0}. x. +} 
u { [0, al] I a g Z 45 , +, x } be a neutrosophic interval bisemiring. 

Example 2.2.10: Let B = B| u B 2 = j[0, al] I a g Z 7 , +, x] u 
{ [0, al] I a g Z 5 , +, x } be a neutrosophic interval bisemiring of 
finite order which is not a bisemifield. 

We can as in case of brings define the notion of quasi 
neutrosophic interval bisemirings and neutrosophic quasi 
interval bisemirings. 

We give only examples of them. 

Example 2.2.11: Let C = C 2 u C 2 = { [0, al] I a g Z + u {0} } u 
{ [0, a] I a g R + u { 0 } } be a quasi neutrosophic interval 
bisemiring. Clearly C is a quasi neutrosophic interval 
bisemifield. [0, 1] u [0, 1] is the biidentity element of C with 
respect of multiplication. 

Example 2.2.12: Let C = C 2 u C 2 = { [0, a + bl] I a, b g Z + u 
{ 0}. +, x] u {[0, a] I a g Q + u {0}, x, +} be a quasi 
neutrosophic interval bisemiring. C is a quasi neutrosophic 
interval bisemifield. 

Example 2.2.13: Let M = Mj u M 2 = { [0, a+bl] I a, b g Z 25 , +, 
x] u j[0, a] I a g Z + u {0}, +, x} be a quasi neutrosophic 
interval bisemiring but is not a bisemifield. Infact M is a quasi 
neutrosophic interval quasi bifield. 
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Example 2.2.14: Let M = Mj u M 2 = {[0, al] I a e Z 20 , +, x} 
u {[0, al] I a e Z + u {0}, +, x} be a neutrosophic interval 
bisemiring of finite order. M is a neutrosophic interval quasi 
bifield. 

Example 2.2.15: Let M = MjU M 2 = {Z+ u {0}. +, x} u { [0, 
al] I a e Z 45 , +, x} be a quasi neutrosophic quasi interval quasi 
bifield. 

Example 2.2.16: Let M = Mi u M 2 = {Z + I u {0}. +, x} u { [0, 
al] I a g Z 20 , +. x } be a neutrosophic quasi interval quasi bifield. 

Example 2.2.17: Let V = V, u V 2 = {Z + I u {0}. +. x] u 
{[0, a] I a e Z 40 , +, x] be a quasi neutrosophic quasi interval 
bisemiring. Clearly V is a quasi neutrosophic quasi interval 
quasi field. 

Example 2.2.18: Let V = Vj u V 2 = {[0, al]l a e Z 20 , +, x] u 
{Z + u {0}. x, +}, V is also quasi neutrosophic quasi interval 
quasi bifield. 

Now having seen examples of interval bisemirings and their 
generalization, we leave it for the reader to prove related results 
and properties associated with bisemirings [8]. 

Example 2.2.19: Let L = Li u L 2 = ]Q + u {0}, x, +} u { [0, a] 
I a e R + u {0}, +, x] be a quasi neutrosophic quasi interval 
biring. Infact L is a quasi neutrosophic quasi interval bifield 
which has subbifields. 

Example 2.2.20: Let M = MjU M 2 = {Z + u {0}, +, x] u { [0, 
al] I a e Z 25 , +, x] be a quasi interval quasi neutrosophic quasi 
bifield. 

Now we can construct bistructures using neutrosophic 
interval rings and semirings. 

Let L = Li u L 2 where Li is a neutrosophic interval ring and 
L 2 is a neutrosophic interval semiring. We define L = Li u L 2 
to be a neutrosophic interval ring-semiring. 
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We will give some examples of them. 

Example 2.2.21: Let W = u W 2 = { [0. al] I a e Z + u {0}, 
x, +} u {[0, al] I a e Z 20 , +, x} be a neutrosophic interval 
semiring - ring of infinite order. (Here Z 20 , +, x is modulo 
addition and multiplication) 

Example 2.2.22: Let M = Mj u M 2 = { [0, al+b] I a, b e Z 40 , +, 
x} u {[0, a+bl] I a, b e R + u {0}, +, x} be a neutrosophic 
interval ring - semiring. 

Example 2.2.23: Let W = Wi u W 2 = { [0, al] I a e Z 5 i, +, x} u 
{ [0. a+bl] la.be Z + u { 0 } , +. x } be the neutrosophic interval 
ring - semiring. 

We can use distributive lattices for semirings as all 
distributive lattices are semirings. 



Example 2.2.24: Let L = Li u L 2 = { [0, al], al in chain lattice 
C n = {0 < ad < a 2 I . . . < a n I} } u { [0, al] I a e Z 40 , +, x} be a 
neutrosophic interval semiring - ring. 



Example 2.2.25: Let 



L — Li lj L 2 — 



Jr[0,ad] 

j|_[0,a 3 I] 



[0,a 2 I] 

[0,a 4 I 



a , e Z 42 ,+,x;l<i <4 



u 



{([0. ad], [0, a 10 I]) I a ; e Z + u {0}. 1 < i < 10, +, x} be a 
neutrosophic interval semiring - ring. 



Example 2.2.26: Let 

L = L[ u L 2 = {^[O.ajx 1 



a, e R + u{0} 1 u 



ZtO-aJx 1 



a i 6 ^17 



be a neutrosophic interval semiring - ring. 
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Example 2.2.27: Let M = Mj u M 2 = {all 10 x 10 interval 
matrices with intervals of the form {[0, al] where a e Z + u 



{0}} u 



i>al]x‘ 



a ; eZ 




be the neutrosophic interval 



semiring - ring. 

Substructures can be defined in these cases which is a 
matter of routine. We will give one or two examples before we 
proceed onto give generalized forms of neutrosophic interval 
ring - semiring. 



Example 2.2.28: Let 



V = V 1 uV 2 = 



i>al]x‘ 



a, e R + u{0},+,x 



u 



{([0. al], [0. bl], [0. cl], [0, dl]) I a, b, c, d e Z 240 , +, x} be a 
neutrosophic interval semiring - ring. Consider 



W = W[UW 2 = 



|>,allx' 



a I eQ + u{0},+,x 



u 



{([0, al], 0, 0, [0, bl]) I a, b e Z 240 , +, x} c V 2 u V 2 . W is a 
neutrosophic interval subsemiring - subring of V. 



Example 2.2.29: Let M = Mi u M 2 = {([0, aj], ..., [0, ai 2 I]) I a; 
e R + u {0}, 1 < i < 12, +, x } u {([0, al], [0, bl]) I a, b e Z 25 , +, 
x} be a neutrosophic interval semiring - ring. Consider S = Si 
u S 2 = {([0, ail], 0, 0, 0, 0, 0, 0, [0, a 8 I], 0, 0, 0, [0, a i2 I], where 
a, e R + u {0}, i = 1, 8, 12} u {([0, al), [0, bl] I a, b e {0, 5, 10, 
15, 20} c Z 25 } c Mi u M 2 is a neutrosophic interval 
subsemiring - subring of M, which is also a biideal of M. In 
general all subsemiring-subring of M need not be biideals of M. 

For take T = TjuT 2 = {([0, aj], ..., [0, a, 2 I]) I a ls ..., a 12 e 
Z + u {0} } u {([0, al], 0) I a e Z 25 } c Mi u M 2 = M is only a 
neutrosophic interval subsemiring - subring and not a biideal of 
M. 

We can define bizero divisor, biidempotents etc in case of 
neutrosophic interval semiring - ring. We can also define the 
notion of Smarandache concepts of these bistructures. All of 
them are direct and hence left as an exercise to the reader. We 
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now proceed give examples of quasi bistructure which can be 
easily understood by the reader. 

Example 2.2.30: Let V = V, u V 2 = | [0. a] I a e Z + u |0| } u 
{[0, al] I a g Z 40 } be the quasi neutrosophic interval semiring - 
ring. 



Example 2.2.31: Let R = Ri u R 2 = {([0, aj], [0, a 2 ], .... [0, acj) 



I a; g Z 420 , 1 < i < 9} u ]X a i x ' 

U=o 

neutrosophic quasi interval ring - semiring. 
Example 2.2.32: Let 



a, g Q + u {0} 1 be a quasi 



M = Mj uM 2 = i£[0,al]x‘ 



aGZ + u{0} u 



{[0, a] I a g Z 2 oo} be a quasi neutrosophic interval semiring - 
ring. 

Example 2.2.33: Let 



r » 


1 


U=0 


a l e Z 30 l 



£f0,al]x' 



aG Z + u{0} 



be a quasi neutrosophic quasi interval ring - semiring. 



Example 2.2.34: Let 

W = W[U W 2 = (^[O.a.IJx 1 



i=0 



a g Z + u{0} 1 u 



{All 10 x 10 neutrosophic interval matrices with intervals of the 
form [0, al] with a g Zioo} be a neutrosophic quasi interval 
semiring - ring. 
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Example 2.2.35: Let 



T = T!UT 2 = £[0,al]x‘ 



aeQ + u{0} u 



fi>‘ 


a e Z 28 (■ 


U=o 


J 



be a neutrosophic quasi interval semiring - ring. 



Now having seen examples of these we can define 
subbistructure, Smarandache notions on them and study them; 
which can be thought as a matter of routine. We can also define 
all properties related with rings and semirings on these 
bistructures with appropriate modifications. We leave all these 
task to the reader. We will be using these bistructures to build 
bivector spaces, bisemi vector spaces and vector space - 
semivector space. 



Example 2.2.36: Let 

V = V 1 uV 2 = jXLO.aJx 1 



i=0 



a,eQ + u{0} u 



{[0, al] I a e Z 24 } be a quasi neutrosophic interval semiring - 
ring. This has no bizero divisors but has quasi bizero divisors 
given by 0 u [0, 121] = x and y = 0 u [0, 21] e V, we see xy = 0 
u 0. Likewise quasi biunits given by x = [0, 1] u [0, 231] e V 
is such that x 2 = [0, 1] u [0, 1], It is clearly [0, 1] u [0, 1] is the 
identity bielement of V. 



We see V has only quasi biidempotents for x = [0, 1] u [0, 
161] e V such that x 2 = x. V has also binilpotents. Consider x 
= [0, 0] u [0, 121] in V. We see x 2 = [0, 0] u [0, 0] as [0, 121] 
[0, 121] = [0, 144 I] = [0, 0] (mod 24). 

Thus we can have notion of quasi Smarandache bizero 
divisors, Smarandache biidempotents, Smarandache biunits and 
so on. 
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2.3 Neutrosophic Interval Bivector Spaces and their 
Generalization 

In this section we for the first time we define the notion of 
neutrosophic interval bivector spaces, neutrosophic interval 
bisemivector spaces give their generalization. We also describe 
some of their properties associated with them. 

DEFINITION 2.3.1: Let V = V t u Vi be a neutrosophic interval 
commutative bigroup under addition. Let F be a field if V, is a 
vector space over F for i - 1, 2 then, we define V to be 
neutrosophic interval bivector space over the field F. 

It is important to mention here that F = Z p , p a prime for we 
see none of our bigroups can take intervals from Z + u { 0 } or Q + 
u { 0 } or R + u { 0 } as they are not groups under addition. Thus 
when we speak of neutrosophic interval bivector spaces we only 
take over the field Z p , p a prime. 

We give examples of them. 

Example 2.3.1: Let V = V! u V 2 = { [0, al] I a e Z 5 , +} u 
[0,al]l 

[0,bl] a, b, c e Z 5 , +} 

[0, cl] J 

be an additive abelian bigroup. V is a pure neutrosophic 
interval bigroup over the field Z 5 = F. 



Example 2.3.2: Let M = Mj u M 2 = { [0, al + b] I a, b e Z 7 , +} 
u {([0, al], [0, bl], [0, cl], [0, dl]) I a, b, c, d e Z 7 , + } be a 
neutrosophic interval bigroup; V is a neutrosophic interval 
bivector space over the field F = Z 7 . 
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40 

£[0,al]x 21 



a e Z 13 ,+ 1 



be a neutrosophic interval bigroup. V is a neutrosophic interval 
bivector space over the field Zi 3 . 



Example 2.3.4: Let M = Mj u M 2 = 



[O.al] [O.bl] 
< [0, el] [O.fl] 
[0,ji] [O.il] 



[O.cl] [0, dl] 

[O.gl] [0, hi] 
[O.kl] [0,11] 



a.b.c, 



k,le Z 23 ,+ 



u 



{([0, al], [0, bl], [0, tl]) I a, b, t e Z 23 , +} be a pure 
neutrosophic interval bivector space over Z 23 . 



Example 2.3.5: Let M = Mi u M 2 = {all neutrosophic interval 
3x7 matrices with intervals of the form [0, al] where a e Z 43 } 

[70 I 1 



U 



^[0,a + bl]x‘ 



a,beZ 4 



be a neutrosophic interval 



bivector space over the field Z. 



,43. 



Example 2.3.6: Let 



M = Mi u M 2 = 



20 

l[0,al]x‘ 



aeZ, 



u 



{([0, al], [0, bl], [0, cl]) I a, b, c t Z 23 ); M is a pure 
neutrosophic interval bivector space over the field F = Z 23 . 



Infact bidimension of M over F is (21 u 3). The bibasis of 
M over F is given by {[0, I], [0, I]x, [0, 1] x 2 , ..., [0, I]x 20 } u 
{([0, 1], 0, 0), (0, [0, 1], 0), (0, 0, [0, 1])}. Take 



T = 



10 

ZKkallx 1 



aeZ, 



u 



{([0, al], [0, bl], 0) I a, b e Z 23 ] c M; T is of bidimension 11 u 
2 and a bibasis for T is given by Bi = {[0, I], [0, I] x, ..., 
[0, 1] x 10 } u {[0, I], 0, 0), (0, [0, I], 0)}. Thus T is a 
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neutrosophic interval subbivector space of bidimension 11 u 2 
and Bi is a bibasis of T. 

It is important to note that the basis of interval bivector 
spaces are intervals and not elements of Q + u {0} or R + u {0} 
or Z p . Infact the base elements do not belong to Z p , which is the 
case of usual bivector spaces. 

Example 2.3. 7: Let V = Vi u V 2 = 

"[O.aJ] [0,a 2 I] [0, a 3 I] 1 

[0,a 4 I] [0,a 5 I] [0.a 6 I] 

[0.a 7 I] [0.a 8 I] [0,a 9 I] 

[0, a 10 I] [0, a u I] [0, a 12 I] J 

[O.aJ] [0,a 2 I]l 

a, g Z z 

[0,a 3 I] [0,a 4 I]J 

be a pure neutrosophic interval vector space over the field Z 47 . 
V is a bidimension 12 u 4 and a interval bibasis for V is given 
by B = 

"[ 0 , 1 ] 0 0 ] [0 [ 0 , 1 ] 0 ] [0 0 [ 0 , 1 ]' 

0 000 0 000 0 

0 00’ 0 0 o’ 00 o’ 

0 0 0J |_0 0 0J [o 0 0 

'o o ol To o ol To o o 

[ 0 , 1 ] 0 0 0 [ 0 , 1 ] 0 0 0 [ 0 , 1 ] 

0 00’ 0 0 O’ 00 o’ 

0 o oj [o 0 oj [o 0 0 

"o o ol To o ol To o o 

0 000 0 000 0 

[ 0 , 1 ] 0 0 ’ 0 [ 0 , 1 ] 0 ’ 0 0 [ 0 , 1 ] ’ 

0 o oj [o 0 oj [o 0 0 



a, e Z 47 ,l <i < 12 > u 



,1 <i <4 
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U 



0 


0 


0 " 




'0 


0 


0 " 




'0 


0 


0 


0 


0 


0 




0 


0 


0 




0 


0 


0 


0 


0 


0 


9 


0 


0 


0 


9 


0 


0 


0 


.[0,1] 


0 


0 




0 


[0,1] 


0 




0 


0 


[ 0 ,I]J 



T[o,i] 


0~ 


"0 [0,1]' 


0 0" 


"0 0 T| 


i ° 


0 


0 0 


[0,1] 0 


_0 [0,1] Jj 



is a bibasis 



of V over Z47. 



Let J = 



[0,a,I] 0 0 

0 [0, a 2 I] 0 

0 0 [0, a 3 I] 

0 [0, a 4 I] 0 



a , e Z 47 ,l<i <4 



u 



'[0,a,I] [0,a 2 I] 
0 [0,a 3 I] 



a, e Z 47 ,l <i < 3 > cV[ u V 2 



J is pure neutrosophic interval bivector subspace of V over the 
field Z 43 . 

The bidimension of J is { 4 } u { 3 } . The interval bibasis of J 
over Z43 is given by 



C — Ci u C2 — 



"[0,1] 


0 


o' 




'0 


0 


o' 




'0 


0 


0 




'0 


0 


oT 


0 


0 


0 




0 


[0,1] 


0 




0 


0 


0 




0 


0 


0 


0 


0 


0 


9 


0 


0 


0 


9 


0 


0 


[0,1] 


9 


0 


0 


0 


0 


0 


0 




0 


0 


0 




0 


0 


0 




0 


[0,1] 


°J 



[[[0,1] 


0" 


"0 [0,1]' 


"0 


0 11 


iL ° 


0 ' 


’ 0 o' 


’ 0 


[0,I]JJ 



c V[U V 2 , is a bibasis 



of C over Z 43 . The bidimension of C is { 4 } u { 3 } . Here also 
we see the bibase elements of C is only intervals. 
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Example 2.3.8: Let V = Vi u V 2 = 

fr [0,a,I] [0,a 2 I] [0,a,I] [0,a 4 I]l ^ 1 

[|_[0, a 5 I] [0,a 6 I] [0,a 7 I] [0,a 8 I]J 5 j 




be a pure neutrosophic interval bivector space over Z 5 . 




is a pure neutrosophic interval bivector subspace of V over Z 5 . 
The bidimension of V is { 8 } u { 7 } and a interval bibasis of 

Vis 

B = 

JT[0,i] o o ol |"o [0,i] o ol To o [0,i] o" 

[L 0 0 0 oJ’[o 0 0 oJ’[o 0 0 0 J 

'0 0 0 [ 0 , I ]1 [ 0 0 0 0 l [0 0 0 0 " 

0 0 0 0 J’[[0,I] 0 0 oJ’|_0 [0,1] 0 oj’ 
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"0 


0 


0 


0 " 


"0 


0 


0 


0 1 1 


0 


0 


[0,1] 


0 ' 


’ 0 


0 


0 


[0,I]JJ 



[ 0 , 1 ] 

0 

0 

0 

0 

0 

0 



0 

[ 0 , 1 ] 

0 

0 

0 

0 

0 



0 

0 

[ 0 , 1 ] 

0 

0 

0 

0 



0 

0 

0 

[ 0 , 1 ] 

0 

0 

0 



0 

0 

0 

0 

[ 0 , 1 ] 

0 

0 



0 

0 

0 

0 

0 

[ 0 , 1 ] 

0 



0 

0 

0 

0 

0 

0 

[ 0 , 1 ] 



Now an interval bibasis of P is as follows: 



fr° 


[ 0 , 1 ] 


0 


0 " 


"0 


0 


0 


[ 0 , 1 ]" 


0 


0 


0 


0 " 




0 


0 


0 ' 


’ 0 


0 


0 


0 


.[ 0 , 1 ] 


0 


0 


0 



"0 


0 


0 


°11 


0 


0 


[0,1] 


°JJ 




c B is 



an interval bibasis of P over Z 5 . 

Now we can define the notion of interval bilinear 
transformation of neutrosophic interval bivector spaces defined 
over the same field F. 

Let V and W be any two neutrosophic interval bivector 
spaces defined over the field F. Let T = Ti uT 2 : V -> W that 
is T = Ti u T 2 : Vi u V 2 — > Wi u W 2 where T ; : Vi — > W, is a 
linear interval vector transformation. The only condition being 
on Ti in case of neutrosophic interval linear transformation is 
that T ([0, al]) — > [0, bl], b ^ 0 that al I— > bl a can be equal to b 
but b ^ 0 for every a ^ 0; i=l, 2. 
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We will give some examples of them. 



Example 2.3.9: Let V = Vi u V 2 - {([0. al], [0. bl], [0. cl], 

[O-aJ] 

[0,a 2 I] | |a p a 2 ,a 3 e Z 2 , !> and W = 
[0, a 3 I] 



[0, dl]) I a, b, c, d e Z 23 } u 



Wj u W 2 = 



[O.aJ] [0,a 2 I] 
[0,a 3 I] [0,a 4 I] 



a;G Z 23 ,l<i<4^ u {([0, ad], 



[0, a 2 I], ..., [0, a 6 Jl) I a; e Z 23 , 1 < i < 6} be two pure 
neutrosophic interval bivector spaces over the field F = Z 23 . 
Define T = T 1 uT 2 :V = V 1 uV 2 ^W = W 1 uW 2 as follows. 
T 3 : Vj Wi and 

T 2 : V 2 -> W 2 is defined by T, ([0, al], [0, bl], [0, cl], 



( V i 



[0, dl]) = 



[0, al] [0, bl] 
[0, cl] [0,dl] 



/r [0, ai lp 



and T 2 



= ([0, ad], 0, 



[0,a 2 I] 

_[0,ad]_ 

[0, a 2 I], 0, [0, a 3 I], 0). T = T| u T 2 is a bilinear transformation of 
Vto W. 

We can define bikernel etc as in case of usual vector spaces. 
The following theorem is simple and direct and hence left as 
an exercise to the reader. 



THEOREM 2.3.1 : Let V = V; U V 2 and W = W 2 U W 2 be 
neutrosophic interval bivector spaces defined over the same 
field F. Let T be a linear bitransformation from V into W. 
Suppose V is finite dimensional then 

birank T + binullity T = dim V i udim V 2 = bidim V. 
that is ( rank Tj urank T 2 ) + (nullity Tj u nullity T 2 ) = dim V] 
udim V 2 = (rank T / + nullity T / ) u (rank T 2 + nullity T 2 ) = 
d i m V i U d i m V 2 

Further for any two neutrosophic interval bivector spaces V 
= Vi uV 2 and W = Wi u W 2 defined over the field F if Tj and 
T 2 are linear bitransformations of V into W then 

(T i + T 2 ) is again a linear bitransformation of V into W 
defined by 
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(Ti + T 2 ) (a u (3) =T,(au (3) + T 2 (a u (3) 

where T, = T, 1 fa) + T, 2 ((3) u T, 2 (a) + T 2 2 ((3). 

Let V and W be neutrosophic interval bivector spaces 
defined over the same field F. We say T : V — > W, a linear 
bitransformation from V to W to be invertible if there exists a 
linear bitransformation U such that UT is the identity linear 
bitransformation (bifunction) on V and TU is identity linear 
bifunction (bitransformation) on W. 

In other words if T = Ti u T 2 : V) u T 2 — > Wi u W 2 and U 
— Ui U 2 ; V i V 2 — ^ Wi W 2 where Tj ; Vi — ^ Wi, T 2 ; 

V 2 ^W 2 

Ui : Vi — > Wi and U 2 : V 2 — > W 2 with Ti Ui is the identity 
function on Vi and T 2 U 2 is the identity function on V 2 . That is 
Ti Ui u T 2 U 2 is the identity bifunction on V = V) u V 2 and 
similarly Ui Ti u U 2 T 2 is the identity bifunction on W = Wi u 
W 2 . We denote U by T ' 1 that is U = Ui u U 2 = T“‘ u T 2 “‘ . 

Thus we say a linear bitransformation T = T i u T 2 is 
invertible if and only if 

(i) T is a one to one that is T (a u (3) = (Ti u T 2 ) (a u 
(3) - Tj (a) u T 2 ((3) = T (a U b) = OT u T 2 ) (a u b) - 
Ti (a) u T 2 (b) implies a u (3 = a u b. 

(ii) T is onto, that is the range of T (=Ti u T 2 ) is also 
W = WiuW 2 . We say T : V — > W that is T = Ti 
uT 2 :V = ViuV 2 — >W = W]U W? is the linear 
bitransformation for which T 1 = T“‘ u T 2 _1 exists 
that is T is non singular if Ta = T i (aO u T 2 (a 2 ) 
(a = aj u a 2 ) = 0 u 0 implies a = cci u a 2 = 0 
uO. 

Further if both V = V) u V 2 and W = Wi u W 2 are finite 
dimensional pure neutrosophic interval bivector spaces over the 
field F such that bidim V = bidim W - dim V) u dim V 2 = 
dim Wi u dim W 2 . If T = Ti u T 2 is a linear bitransformation 
from V into W, the following are equivalent. 
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(i) T = Ti u T 2 is biinvertible. 

(ii) T is non-bisingular (i.e., Ti and T 2 are non singular). 

(iii) T = Ti u T 2 is onto that is birange of T is W = W) u 
W 2 . 



We see all our neutrosophic interval bivector spaces can 
only be over the field Z p , of prime characteristic p i.e., over 
finite fields. 

Further all results and properties true in case of vector 
spaces over finite characteristic fields is true and can be proved 
with simple and appropriate modifications. 

Let T = Ti u T 2 : V) u V 2 — > Wi u W 2 be a linear 
bitransformation of the neutrosophic interval bivector spaces V 
= ViU V 2 into the neutrosophic interval bivector space W = Wi 
u W 2 defined over the field F. If we take W = Wi u W 2 to be 
the same as V = Vi u V 2 that is V = W then we define the linear 
bitransformation T to be a linear bioperator on V. 

We will give some examples of linear bioperators. 



Example 2.3.10: Let 





[0,a,I] 


[0,a 2 I] 






V = V 1 uV 2 = < 


[0,a 3 I] 


[0,a 4 I] 




a t g Z 29 , 1 < i < 6 




[0, a 5 I] 


[0,a 6 I] 








a, g Z 29 ;0 <i <5 



l i = 0 I J 

be a neutrosophic interval bivector space over the field Z 29 . 

Let T = T! u T 2 : V = Vi u V 2 ^ V = V! u V 2 defined by 
T (v) = T (vj uv 2 ) = Ti (v,) u T 2 (v 2 ) 





c 


'[O.aJ] 


[0,a 2 I] 


> 




'[O.aJ] 


0 


where T i 




[0,a 3 I] 


[0,a 4 I] 




= 


0 


[0,a 2 I] 




V 


[0,a 5 I] 


[0,a 6 I] 


y 




[0,a 3 I] 


0 



t 2 



[ZtO-a.IJx 1 



V i=0 J 



= [0, a 0 I] + [0, a 2 I]x 2 + [0, a 4 I]x 4 
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is a linear bioperator on V = Vi u V 2 . We can derive almost all 
properties regarding bioperators with appropriate modifications. 
We can define the notion of characteristic bivalue and 
characteristic bivector. Here it is pertinent to mention that the 
characteristic value c will be of the form [0, al] where a e Z p 
the field over which V = Vi u V 2 is defined. 

For consider the neutrosophic interval bimatrix; 

S = Si u S 2 



[ 0 . 21 ] 

[0.71] 

0 



0 

[ 0 . 1 ] 

0 



[ 0 . 1 ] 

0 

[0.51] 



u 



[0.1] 0 

[0.21] [0.41] 



if we want to find the characteristic bivalues of S. Consider 



I S - A, Inxn I = IS 1 - A,i 1 3x3 I U I S 2 - A.2 I 2x2 I 



[0.21] 0 [0.1] 

[0.71] [0,1] 0 

0 0 [0,51] 

[ 0 , 1 ] 0 

[0,21] [0,41] 



\[0,I] 0 



0 



0 A,, [0,11 0 

0 0 A.; [0,1] 

Mo, n 0 
0 uo. i] 



[0,(2 -MI] 0 

[0,71] [o,a -mu 

0 0 



[ 0 . 1 ] 

0 

[0,(5 -MI] 



u 



[0,(1 -mu 



0 



[0,21] [0,(4 -MI] 



= {[0, (2-MI] 
[ 0 . 1 ] 



[0,(1 -mu 

0 



0 



[0,71] [0,(1 -mu 

0 0 



u 



[0,(5-MH| 

u l[0, (1-MI] X [0, (4-MI] 
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= [0, (2-h fl ] [0, (1-^OU [0, (5— A,i)I] u [0, (\-l 2 ) (4— X, 2 )I] 

= [0, (2-A.O (1-A.O (5-XOI] u [0, (1-Ao) (4-^)1] 

= { 0 } u { 0 } gives the biroots as 

{[0, 21], [0,1], [0, 51]} u{[0,I], [0, 41]}. 

So the biroots are 

[0, 21] u [0, I], [0, 21] u [0, 41], [0, I] u [0, I], [0, I] u 
[0, 41], [0, 51] u [0, 1] and [0, 51] u [0, 41]. 

Thus whenever the biequations are solvable over the finite 
characteristic field Z p (p a prime) we have the bicharacteristic 
values associated with the neutrosophic interval bimatrix and 
the bisolution or the biroot is not in Z p but in the set { [0, al] I a 
e Z p }; if we assume the bispace is pure neutrosophic otherwise 
in the set { [0, a+bl] I a, b e Z p }; if we assume the bispace is just 
neutrosophic. If the biroot exists then alone we get the 
characteristic bivalues. Interested reader can study in this 
direction. We can derive atmost all results in this direction with 
simple and appropriate modifications. 

If T : V = Vi u V 2 — > Vi u V 2 = V is a linear bioperator on 
V; V = Vi u V 2 a neutrosophic interval bivector space over the 
field F = Z p . Let W = Wi uW 2 cV 1 uV 2 bea neutrosophic 
interval bivector subspace of V. We say W is biinvariant under 
the bioperator T = Ti u T 2 on V if T (W) c V that is T 1 (Wi) c 
V! and T 2 (W 2 ) c V 2 . 

Let V = Vi u V 2 be a neutrosophic interval bivector space 
over the field F = Z p . Let W 1 , W 2 , ...,W k be neutrosophic 
interval bivector subspaces of V over the field F = Z p . We say 
W 1 , W 2 , . . .,W k are biindependent if 

a 1 + a 2 + ... + a k = 0; a 1 e W 1 that is a 1 = 
a} u a' 2 e W, 1 u W] ; 1 < i < k implies a 1 = 0 u 0 that is ex 1 , = 0 
and a\ = 0. Here W 1 = W/ uW‘ ; i=l,2,...,k. 

Let V = Vi u V 2 be a finite dimensional neutrosophic 
interval bivector space over the field F = Z p . Let W 1 , W 2 , ...,W k 
(W 1 = W/ uW‘ ; i=l,2, ..., k) be bisubspaces of V and let W = 
W 1 + ... + W k that is W = Wi u W 2 = W, 1 uWj + ... + 
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W k u w 2 k = (w/ +... + W k ) u(w‘ +... + W k ) . Then we have 

the following three conditions to be equivalent. 

(i) W 1 , W 2 , W k are biindependent; that is 

W,', W 2 ,..., W k are independent and W 2 , W 2 2 ,..., W k are 
independent. 

(ii) For each j, 2 < j < k we have W j n (W 1 + . . . + W j_1 ) = 
{0} that is W, J n (w/ +... + W/ -1 ) = {0} and 

W 2 J n(W 2 +... + W 2 J_1 ) = {0} 

(iii) If (3 1 is a bibasis of W 1 , 1 < i < k then the bisequence B 
= (P 1 , .... p k ) is a basis for W = W^ W 2 . 

Here P‘ = Pj u P 2 where p| is a basis of W‘ ; t = 1, 2. 

Thus we say W = W 1 + . . . + W k is the bidirect sum or W is 
a bidirect sum of W 1 , W 2 , .... W k that is Wi is the direct sum of 
W I ',...,W I \ thus 

Wi = W/ © ... © W k and W 2 is the direct sum of 

W 2 ,...,W k and W 2 = W 2 © ... © W k . 

If W = V then we say V is the bidirect sum of W h ..., W k 
and each V, = W, © ... © W k and V 2 = W 2 © ... © W k . 

Now we will proceed onto define the notion of biprojection. 
Let V = Vi u V 2 be a neutrosophic interval bivector space, a 
biprojection of V is a linear bioperator E = Ei u E 2 on V such 
that E 2 - Ej 2 uE 2 = Ei u E 2 . We have E : V — > V that is E = Ei 
u E 2 : V = Vi u V 2 — > V = Vi u V 2 is a biprojection, with R = 
Ri u R 2 is the birange of E and B = Ni u N 2 is the binull space 
of E. 

Thus P = Pi u P^ is in Ri u R 2 if and only if EP = 
EjP,uE 2 P 2 =p 1 up 2 =p. 

Conversely if P = Pi u p 2 = EP = EjP, uE 2 P 2 then P is in 
the birange of E. 

Further V = R © N, that is V = Vi u V 2 = Ri © Ni u R 2 © 
N 2 . 

We can write every bivector as 

a = a i u a 2 = Ei ai + (ai - Ei oq) u E 2 a 2 + (a 2 - E 2 a 2 ) 
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We can derive all the results related with projections. 

Let V = ViuV 2 bea neutrosophic interval bivector space. 

V = V 1 uV 2 = W 1 ©...@W k 
= W/ © ... © W k u W 2 © ... © W 2 k . 

For each j we define E J = Ej uE| on V = V 2 u V 2 a 
bioperator on V. 

For every a 1 = aj u a J 2 in W j = W/ u W 2 j we have E j a. 1 
= Ejjaj uEja^ = aj u a J 2 . Then E j is a well defined rule. 
Further E, a. 1 = 0 u 0 simply means ex’ = cxj u aj = 0 u 0. 

For each ae V = Vi u V 2 we have a = E'a + . . . + E k a 
= E|a[ u E 2 a 2 + . . . + Ff a k u E k a k . 

We have I = fu I 2 . 

- (E;+... + E k ) u (E 2 +... + E 2 ). 

If i ^ j we have E 1 . E j = 0 u 0 that is EJEj u E 2 E J 2 = 0u0. 

Thus the birange of E J is the bisubspace W J = W, J u W 2 j , 
which is in the null space of E 1 . 

THEOREM 2.3.2: Let V = V] u y? be a neutrosophic interval 
bivector space. Suppose V = W 1 © ... © W k . 

= Vi uV 2 = Wj uf, J 0...0W/ u W 2 k 
= ( W/ © ... © W k ) u ( W' 2 ® ... © W k ) then there exists k 
linear bioperators E 1 , E 2 , ..., E k that is 

Ej u E\,E 2 j u E\,...,E\ u E k on V = Vi uV 2 such that 

(i) Each E = E] u E' 2 is a biprojection ((Ej 2 = Ej; 
1 <i <k. 

(ii) E E - (0) if i *j, 1 <j, 1 <i, j <k. 

(iii) I = h ul 2 = E + ... + E k = Ej u Ej + ... + Ej vjEj 
= (Ej+... + E k I )vj(E 1 2 +... + E k 2 ). 

(iv) The birange of E = E] u E\ is W' = Wj u Wj ; that is 
birange of Ej is Wj ; t—1 , 2. 
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Conversely if E 1 , E 2 , .... E k are linear bioperators on V = 
V] UV 2 which satisfy conditions (i), ( ii) and (Hi) and ifWi is the 
birange of E then V = W 1 © ... ® W L that is V = Vi U V 2 = 
(W x l ®...®W k ) U(W\ ®...®W 2 k ). 

The proof can be obtained as a matter of routine with 
appropriate modifications. 

Note under the conditions of the above theorem if V = Vi u 
V 2 the neutrosophic interval bivector space where V = W 1 © ... 
© w k = (W j 1 ©...© W k ) u (W 2 ©...© W 2 k ) and for E 1 , E 2 , ..., 
E k given as in the above theorem, the necessary and sufficient 
condition that each bisubspace W 1 be invariant under T is that T 
= Ti u T 2 commute with each of the projections E J = Ej u Ej 
that is TE j - E j T = Tj Ej uT 2 E j = EjTi uEj T 2 for j = 1, 2, 
. . ., k. This can be easily verified. 

lfT = TiuT 2 isa linear bioperator on a finite dimensional 
bispace V = Vi u V 2 ; V a neutrosophic interval bivector space 
then Hom F (V,V) = {T : V — > V}. 

Study the algebraic structure enjoyed by Hom F (V,V). 

Now we can proceed onto define the notion of neutrosophic 
interval linear bialgebra. 

DEFINITION 2.3.2: Let V = Vi UV 2 be a neutrosophic interval 
bivector space over the field F. If Vis such that V, closed with 
respect to product and the product is associative then we define 
V to be neutrosophic interval linear bialgebra over the field F = 
Z p (p a prime). 

We give some examples of them. 



Example 2.3.11: Let V = Vj u V 2 = {([0, al] [0, bl] [0, cl]) I a, 
[0, al] [0,bl]' 

[0, cl] [0,dl]_ 

neutrosophic interval linear bialgebra over the field Z 7 . 



b, c e Z 7 } u 



a,b,c,de Z 7 > be a pure 
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u 



Example 2.3.12: Let V = Vi u V 2 



Zio^nx 1 



aeZ, 



{([0, al], [0, bl], [0, cl]) I a, b, c e Z 23 } be a pure neutrosophic 
interval linear bialgebra over the field Z 23 . 

We can as in case of linear bialgebra derive all the 
properties with appropriate changes or modifications. This 
work is left as exercise to the reader. 

Now we can also define the notion of Special neutrosophic 
interval bivector space as follows: 



DEFINITION 2.3.3: Let V = V] u V 2 be an additive abelian 
neutrosophic interval bigroup. F = Fj u F 2 be a bifield 
( neutrosophic or otherwise). If V, is a neutrosophic interval 
vector space over F t ; i-1, 2, then we define V to be a special 
neutrosophic interval bivector space over the bifield F. 

We will give examples of them. 



Example 2.3.13: Let V = Vi u V 2 = { [ 0 , al] I a e Z 23 ) u { [ 0 , 
al] I a e Z 43 } be a special neutrosophic interval bivector space 
over the bifield F = Z 23 u Z 43 . 



Example 2.3.14: Let M = Mj u M 2 = {([0. al], [0, bl], [0, cl]) 



a, b, c e Z 7 } u 



T [0, a ,1] _ 




[0, a 2 I] 




[0, a 3 I] 
[0,a 4 I] 


a t e Z 5 ,l <i < 6 


[0, a 5 I] 




|_[0,a 6 I]_ 





be a special 



neutrosophic interval bivector space over the bifield Z 7 u Z 5 = F. 



Example 2.3.15: Let V = V) u V 2 = {[0, al+b] I a, b e Z 53 } u 
{[0, al] I a, b e Z 47 ] be a special neutrosophic interval bivector 
space over the bifield F = Z 53 u Z 47 . 

We can define bisubstructures, bibasis, bidimension as in 
case of neutrosophic interval bivector spaces. 
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We give one or two examples before we proceed to define 
other new structures. 



Examples 2.3.16: 



a, b, c e Z 53 } u < 



Let V = V 1 uV 2 = {([0, al], [0. bl], [0. cl]) I 
f [0. al] [0,el]l I 1 



[O.bl] [O.fl] 
[O.cl] [0, gl] 
[O.dl] [O.hl] 



a,b,c,d,e,f,g,he Z 2 



be a 



special neutrosophic interval bivector space over the bifield F = 
Z53 U Z23. 

Consider M = Mj u M 2 = {([0, al], 0, 0) I a e Z 53 } u 



0 


[0, al] 


[0,bl] 


0 




[0,cl] 


[0,dl] 


0 



a,b,c,de Z 



23 



C V! u V 2 = V. 



M is a special neutrosophic interval bivector subspace of V 
over the bifield F = Z 53 u Z 23 . 

Now B = {([0, 1], 0, 0), (0, [0, 1], 0). (0, 0, [0, 1])} u 



1 

© 

HH 

O 

1 




"0 [0,1]' 


0 0 




0 0 


| 0 0 


9 


0 0 


1 

0 

0 

1 




0 0 



1 

0 

0 

1 




1 

0 

0 

1 


[0,1] 0 




0 [0,1] 


0 0 


9 


0 0 


0 0 




0 0 



0 

0 

[ 0 , 1 ] 

0 





'0 


0 




0 


0 


9 


0 


[0,1] 




0 


0 



0 

0 

0 

[ 0 , 1 ] 





'0 


0 




0 


0] 


9 


0 


0 




0 


[0,I]J 



Bi u B 2 is a special bibasis of V over the bifield F = Z 53 u Z 23 . 
Clearly the special bidimension of V over F = Z 53 u Z 23 is { 3 } 
u{8}. 

We can define special linear bitransformation of two special 
bivector spaces only if they are defined over the same bifield, 
otherwise special linear bitransformation cannot be defined. 

We will give an example of it. 
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Example 2.3.17: Let V = V!uV 2 = {([0, al], [0, bl], [0, cl], 
[0, dl]) I a, b, c,d e Z 7 ] u 



[0, al] 
[O.dl] 
[0, ml] 
[0, si] 



[0,bl] 
[0, el] 
[O.pl] 
[O.tl] 



[O.cl] 
[O.nl] 
[O.ql] 
[0, rl] 



a.b.c, 



t,re Z 29 \ 



be a special 



neutrosophic interval bivector space over the bifield F = Z 7 u 



Z 29 . Take W = Wj u W 2 = 



f r [ 0 , al] [ 0 ,bl] 

{[[O.cl] [O.dl] 



a,b,c,de Z 7 



u 



JT[0,aI] 


[0, bl] 


[0, dl] 


[O.cl] 


[O.rl] 


[0,pl]l 


||_[0.el] 


[O.tl] 


[O.ql] 


[0. ml] 


[O.nl] 


[0, si] J 



be a special neutrosophic interval bivector space over the 
bifield F = Z 7 u Z 29 . We can define a special linear 
bitransformation of V into W. 

Let T = TiuT 2 ;V 1 uV 2 -)W 1 u W 2 where Tj : Vj — > Wi 
and T 2 : V 2 — ^ W 2 given by 



Ti ([0. al], [0. bl], [0, cl], [0. dl]) - 



[0, al] 
[O.cl] 



[O.bl] 

[O.dl] 



and 



T 2 ( 



[0, al] 
[O.dl] 
[0, ml] 
[0, si] 



[O.bl] 

[O.el] 

[O.pl] 

[O.tl] 



[O.cl] 

[O.nl] 

[O.ql] 

[O.rl] 



T[0,al] 


[O.bl] 


[O.dl] 


[O.cl] 


[O.rl] 


[o. P i]T 


{[O.el] 


[O.tl] 


[O.ql] 


[O.ml] 


[0, nl] 


[0, si] 



T is a special linear bioperator from V to W. 

Let T : V — > V, where V is a space of special 
neutrosophic bivector space defined over the bifield. If T is a 
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function such that T = Ti u T 2 and Ti : Vi — > Vi and T 2 : V 2 — > 
V 2 where both Ti and T 2 are linear transformations (operators) 
then we define T to be a special linear bioperator on V. 

Define T = Ti u T 2 : V = Vi u V 2 -> V = Vi u V 2 where 
Ti : Vj — > Vi and T 2 : V 2 — > V 2 given by 

Tj (([0, al], [0, bl], [0, cl], [0, dl])) = ([0, al], 0, [0, cl], 0) 

and 

I" (0, al] [0,bl] [0,cI]T 
[0,el] [0,fl] [0,sl] 

2 [0, ml] [0, nl] [0,pl] 

v Lf0,tI] [0,rl] [0,sl]| 

T [0, al] [0,bl] [0,cI]T 
0 [0,dl] [0,fl] 

0 0 [0,sl] 

1 o 0 [0,0] l 

T is a special linear bioperator on V = Vi uV 2 . 

All properties associated with usual bivector spaces / 
vector spaces can be derived for special neutrosophic 
bivector spaces with appropriate modifications. 

We give examples of special neutrosophic interval bivector 
spaces. 

Example 2.3.18: Let V = V! u V 2 = {([0. a+bl], [0. c+dl] [0, 
e+fl]) I a, b, c, d, e, f e Z 7 } u 

[O.aj + b.I] 

[0,a 2 +b 2 I] 

[0,a 3 +b,I] 

[0,a 4 + b 4 I] 

[0, a 10 + b 10 I] 

be a special neutrosophic interval bivector space defined over 
the bifield F = Z 7 uZn. 
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Thus V has special pure neutrosophic interval bisubspace as 
well as special interval vector bisubspace given by P = Pi u P 2 
= {([0, al], [0, bl] [0, cl]) I a, b, c e Z 7 } u 

[0,a,I] 



[0,a 2 I] 



a, e Z u ;l <i < 10 



c Vi u V 2 is a special pure 



[0, a 10 I] 

neutrosophic interval bisubspace of V. 

The bidimension of P is { 3 } u { 10 } . 

Further T = T) uT 2 = {([0, al], [0, bl], [0, cl]) la.b.ce 
[O-aJ]' 

0 

[0,a 2 I] 

0 

[0,a 3 I] 

0 

[0,a 4 I] 

0 

[0,a 5 I] 

0 

neutrosophic interval vector bisubspace of V over the bifield F 
= Z 7 u Zn and the bidimension of T is {3} u {5}. 

Consider R = R 2 u R 2 = {([0, a], [0, b], [0, c]) I a, b, c e Z 7 ] 
[0,aj 



Z 7 } u 



a, g Z n ;l <i <5 



c V is also special pure 



u 



[0,a 2 ] 



| a , £ Z u ;l <i < 10 1 

[0,a 10 ]_ 

interval bivector subspace of V over the bifield Z 7 uZn = F. 



c Vi u V 2 = V. R is a special 
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Further S = Si u S 2 = {([0, a], 0, [0, b]) where a, b e Z 7 ] u 
[0, a]l 
0 

[0,b] 

[0,c] 

0 

a,b,c,de Z u • c V) u V 2 

0 
0 

[0, d] 

0 J 

is again a special interval bivector subspace of V over the 
bifield F = Z 7 u Z n . 

Clearly bidimension of S is { 2 } u { 4 } . 

Now we define quasi neutrosophic interval bivector space V 
= Vi u V 2 as an interval bivector space where Vi is a interval 
vector space and V 2 is a neutrosophic interval vector space. 

We give examples of them. 

Example 2.3.19: Let V = Vi u V 2 = { [0, a] I a e Z 23 } u {([0, 
al], [0. bl], [0, cl], [0, dl], [0, el]) I a, b„ c, d, e, e Z 23 ] be a 
quasi neutrosophic interval bivector space over the field Z 23 . 

Example 2.3.20: Let M = Mi u M 2 = 

[0,aj 
[0,a 2 ] 

[0,a 3 ] 

[0, a 4 ] 

[0,a 15 ] 

{ [0, a+bl] I a, b e Z 43 } be a quasi neutrosophic interval bivector 
space over Z 23 . We see bidimension of M is { 15 } u { 1 }. 
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Example 2.3.21: Let 

r 29 

V = Vj uV 2 = mo.aljx 1 



aeZ 53 u 



f 59 

f> IX ‘ 


a G z 53 ] 


l i~0 


J 



be a neutrosophic quasi interval bivector space over the field 
Z 53 . Bidimension of V is { 30 } u { 60 } . 



Example 2.3.22: Let 



V = Vi u V 2 = 



[0, al] 
[0,bl] 
[0, cl] 
[0,dl] 
[0, el] 



a,b,c,d,ee Z, 











J _l 






aj 


a 2 I 


a 3 I 


a 4 I 


a 5 I 




a 6 X 


a 7 I 


a 8 I 


a 9 I 


a io^ 




a u I 


a i 2 I 


a i 3 I 


a !4 1 


a l 5 I 




a i 6 I 


a i 7 I 


a i 8 ! 


a 19 I 


a 20 I 




1 

P 

to 

"h 


a 22 I 


a 23 I 


a 24 I 


a 25^ 



u 



a, e Z u ;l <i < 25 



be a neutrosophic quasi interval bivector space over the field 
Z„. 



Example 2.3.23: Let 



f 20 

& Ix ‘ 


a i e Z 59 | 


l i~0 


J 



u 



[O.aJ] . 


.. [0,a 7 I] 


[0.a 8 I] . 


- [0,a 14 I] 


[0,a 15 I] . 


.. [0,a 21 I] 


[0,a 57 I] . 


- [0, a 63 I] 



a, e Z 59 ;l<i <63 
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be a neutrosophic quasi interval bivector space over Z 59 . 
Bidimension of V over Z 59 is {21} u { 63 } . 

Example 2.3.24: Let V = V| u V 2 = {all lOx 12 matrices with 

f 12 I 1 



entries from Z 43 } u 



2>,a,I}x' 



a ; eZ 



43 



be a quasi 



l i = 0 I J 

neutrosophic quasi interval bivector subspace of V over Z 43 . The 
bidimension of V is { 120} u { 13 }. 



Example 2.3.25: Let P = Pi u P 2 



[±a,x‘ 


a i 6 Z 13 f 


[.=0 


J 



u {all 



neutrosophic interval 6x3 matrices with intervals of the form 
[0, a+bl] where a, b e Z L3 } be a quasi neutrosophic quasi 
interval bivector space over the field Z J3 of finite bidimension. 



Example 2.3.26: Let 







a i 






T = Tj uT 2 = ■ 




a 2 




a, e Z 47 ; 1 < i <15 






_ a i5 _ 







i>al]x‘ 



aeZ, 



be a quasi neutrosophic quasi interval bivector space over the 
field Z 47 of bidimension {15} u { 30 } . 

All properties related with bivector spaces / interval 
bivector spaces/ vector spaces can be derived with simple 
appropriate modifications. 

We can define quasi special neutrosophic interval 
bistructure also which can be easily understood from the 
examples. 



Example 2.3.27: 

{([0, a J, [0, a 2 ], 



Let V = V! u V 2 = \ J[0,al]x‘ 



a e Z 13 } u 



..., [0, a 9 ]) I a; e Z 43 ; 1 < i < 9} be a special 
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quasi neutrosophic interval bivector space over the bifield F = 
Z 13 U Z 43 . 



Example 2.3.28: Let P = {([0, ai+bj], ai 5 +bi 5 I]) I a, b, e 



a, e Z 23 ;l<i<33 



1 <i< 15} u 








[O.aJ 


[ 0 ,a 2 ] 


[ 0 ,a 3 ] 


< 


[ 0 ,a 4 ] 


[ 0 ,a 5 ] 


[ 0 ,a 6 ] 




[ 0 ,a 31 ] 


[ 0 , a 32 ] 


[ 0 , a 33 ] 



be a special quasi neutrosophic quasi interval bivector space of 
finite bidimension over the bifield F = Z 47 u Z 23 . 



Example 2.3.29: Let 

p = Pj u P 2 = 



r 25 

Zmx 1 


a i e Z 7 ] 


l i~0 


J 



u 



[O.aJ] 
[ 0 , a 2 I] 



a, e Z 13 ;l <i < 12 > 



[ 0 ,a 12 I] 



be a special neutrosophic quasi interval bivector space of 
bidimension {26} u {12} over the bifield F = Z 7 u Z 13 . 



Example 2.3.30: Let M = Mi u M 2 = {all 5 x 5 neutrosophic 
interval matrices with intervals of the form [ 0 , a+bl] I a, b e 
Z59} u {all 8x2 matrices with entries from RI, R-reals} be a 
special neutrosophic quasi interval bivector space over the 
bifield F = Z 59 u R. 



Example 2.3.31: 



i> ix ‘ 



aeQ 



i =0 



Let T =Ti uT 2 = {[0, a+bl] I a, b e Z 13 } u 
be a special neutrosophic quasi interval 



bivector space over the bifield F = Z] 3 uQ. 
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Example 2.3.32: Let 



P = P 1 uP 2 = ^ajx 1 



a ;GQ U 



aeZ. 



L=o I J U=o I J 
be a special quasi neutrosophic quasi interval bivector space of 
infinite dimension over the bifield F = Qu Z 43 . 



Example 2.3.33: 



Let M = 1VL u M 2 = 



Z[0,al]x' 



ae Z, 



u 



{all 10 x 10 matrices with entries from Q} be the special quasi 
neutrosophic quasi interval bivector space of finite bidimension 
over the bifield F = Zi 3 u Q. 

All properties associated with interval bivector spaces / 
vector spaces can be derived for the special quasi neutrosophic 
interval bivector spaces or special neutrosophic quasi interval 
bivector spaces with simple appropriate modifications which is 
left as an exercise to the reader. 

Also it can be said that without any difficulty special 
neutrosophic interval linear bialgebras can be defined. We give 
some examples of special neutrosophic interval linear 
bialgebras. 



Example 2.3.34: Let 



T 



Tj uT 2 - 



i>a,I]x‘ 



a ; £ Z 



u 



[O.aJ] 
[0, a 5 I] 



[0,a 6 I] ... [0,a 21 I] 

[0,a 10 I] ... [0, a 25 I] 



a t £ Z 7 ;l <i <25, + 1 



be a special neutrosophic interval linear bialgebra over the 
bifield S = Zn u Z 7 . 

Example 2.3.35: Let S = Si u S 2 = {[0, a+bl] I a, b £ Z i9 } u 
{All 15 x 15 neutrosophic intervals with intervals of the form 
[0, a+bl] I a, b £ Z 3 } be a special neutrosophic interval linear 
bialgebra over the bifield F = Z J9 u Z 3 . 
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Example 2.3.36: Let 



m = Mium 2 = i X a ^ x ' a i e Q 



{([0, a! + bil], [0, a 10 +b 10 I]) I a is b, e Z n , 1 < i < 10} be a 
special neutrosophic quasi interval linear bialgebra of infinite 
dimension over the bifield F = Qu Zi 7 . 



Example 2.3.37: Let 
S = Si u S 2 = 



i>a]x‘ 




u 



{All 3x3 neutrosophic interval matrices with intervals of the 
form [0, a+bl] with a, b from Z 2 } be a special quasi 
neutrosophic quasi interval linear bialgebra of infinite 
dimension over the bifield S = R u Z 2 . 



Now we proceed onto define neutrosophic interval 
bisemi vector spaces. 



DEFINITION 2.3.4: Let V = Vj U V 2 be an additive abelian 
neutrosophic interval bisemigroup with 0 u 0 as its identity. 
Let F be a semifield if V, is a neutrosophic interval semivector 
space over F; i = 1, 2, then we define V to be a neutrosophic 
interval bisemivector space over the semifield F. 

We will illustrate this situation by some examples. 

Example 2.3.38: Let 

V = V 1 uV 2 ={[0, a+bl] I a. b e Z + u {0} } u 

[0.al]l 
[O.bl] 

a,b,c,de Z u{0} 

[O.cl] 

[0,dI]J 

be a neutrosophic interval semibivector space (bisemivector 
space) over the semifield S = Z + u { 0 } . 
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u 



Example 2.3.39: Let 

S = S!US 2 = jj^aljx 1 



aeQ + u{0} 



{All 10 x 2 neutrosophic interval matrices with intervals of the 
form { [0, a+bl] where a, b e Q + u { 0 } } be a neutrosophic 
interval bisemivector space over F = Z + u { 0 } , the semifield. 



Example 2.3.40: Let W = Wi u W 2 = {All 8x3 neutrosophic 
interval matrices with intervals of the form [0, al] with a e Z + u 
{ 0 } } u { All 3x3 neutrosophic interval matrices with intervals 
from Z + u { 0 } } be a neutrosophic interval bisemivector space 
over the semifield S = Z + u { 0 } . 

It is interesting to note W is not a neutrosophic interval 
bisemivector space over the semifield Q + u {0} or R + u {0}. 
Further the dimension of a neutrosophic interval bisemivector 
space also depends on the semifield over which it is defined. 



Example 2.3.41: Let M = Mj 




"[O.aJ] 


[0,a 10 I] 


< 


[0,a 2 I] 


[0,a„I] 




_[0,a 9 I] 


[0,a 18 I] 


1 


[0,a,I] 


[0,a 2 I]" 


1 


[0,a 3 I] 


[0.a 4 I]_ 



a, e Z + u{ 0},1 <i <18 



u 



a, e Q + u{ 0},1 <i < 4 



be a neutrosophic interval bisemivector space over the semifield 
S = Z + u {0} . 

Clearly M is of bidimension {18} u { °° } over S = Z + u 

{ 0 }. 



Further M is not defined over the semifield Q + u { 0 } . 
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Example 2.3.42: Let V = Vi u V 2 = 



[0,a, + b,I] 




[0,a 2 +b 2 I] 




[0,a, +b,I] 


a i ,b i e Z + u{ 0},1 <i < 10 


1 

© 

s* 

O 

+ * 

P* 

0 
1— 1 

1 





{([0, al], [0, a! + bil], [0, Ci + dj], [0, bl], [0, cl]) I a, b ls ci, d h c 
e Z + u { 0 } } be a neutrosophic interval bisemivector space over 
the semifield S = Z + u { 0 } . 



0 

0 



Take M = Mi u M 2 = 



[0, al] 
0 
0 

[0,bl] 

0 

0 

0 

0 



a,beZ + u{0} 



u 



{(0, [0, al], 0, [0, bl], [0, dl]) la,b,deZ + u{0}}cV 1 uV 2 = 
V; M is a neutrosophic interval bisemivector subspace of V over 
the semifield S = Z + u { 0 } . 



Example 2.3.43: 



Let T = T 2 u T 2 = l £|0, allx 1 



aeQ + u{0} 



T [0, al] 


[0,el] ' 


[0, bl] 


[0,fl] 


[0,cl] 


[0,ml] 


j_[0,dl] 


[0, nl] 



where a, b, c, d, e, f, m, n are in Q + u 
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{ 0 } } be a neutrosophic interval bisemivector space over the 
semifield F = Q + u { 0 } . 

We see bidimension of T on F is {28} u {8}. If Q + u {0} 
is replaced by Z + u {0} the bidimension is infinite. Infact T is 
not defined over the semifield R + u{0}. 

Example 2.3.44: Now consider P = Pi u P 2 = 

[O.aj+bjl] [0,a 2 +b 2 I] [0,a 3 +b 3 I] [0,a 4 +b 4 I] 

■ [0,a 5 +b 5 I] [0,a 6 +b 6 I] [0,a 7 +b 7 I] [0.a 8 + b 8 I] 

_[0,a 9 +b 9 I] [0,a 10 +b 10 I] [O^n+bul] [0,a 12 +b 12 I]_ 
a i; b t e Z + u{0}, 1 < i < 12} u 



[O.aJ] 

[0.a 2 I] 



[0,a 7 I] 

[0.a 8 I] 



a t e Q + u{ 0};1 <i < 12 > 



[0.a 6 I] [0,a 12 I] 



be a neutrosophic interval bisemivector space over the semifield 
S = Z + u {0} of infinite bidimension over S. 



We can define subbistructures bibasis, linear 
bitransformation and linear bioperator, which is a matter of 
routine and left as exercise to the reader. 



Example 2.3.45: Let M = Mi u M 2 = {all 4 x 4 neutrosophic 
interval matrices with intervals of the form [0, a+bl] where a, b 



e Z + u {0}} u 



2 [ 0 .a + bl]x‘ 



a,beZ + u{0} 



be a 



neutrosophic interval bisemivector space defined over the 
semifield S = Z + u {0}. Take W = Wi u W 2 - {collection of 
all upper triangular 4x4 pure neutrosophic interval matrices 
with intervals of the form [0, al] with ae Z + u { 0 } } u 
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jg[0,al]x‘ aeZ + u{0}| cM,uM,; 

W is a pure neutrosophic interval bisubsemivector space of M 
over the semifield S = Z + u { 0 } . Clearly bidimension of W is 
{ 10} u { 13}. 

We can define pure neutrosophic interval subbisemivector 
spaces of M of bidimension less than or equal to {16} u {30}. 

We can also have pure neutrosophic interval bisemivector 
subspaces of bidimension { 1 } u { 1 } . We have several such 
bisemivector subspaces. 

We also can define quasi neutrosophic interval 
semibivectors spaces over a semifield, this task is left as an 
exercise to the reader. We however give examples of them. 

TfO.aj' 

[0,a 2 ] 

Example 2.3.46: Let V = V i u V 2 = { . where a; e Z 

|_[0, a 9 ]_ 

u{0}; 1 < i < 9} u {All 3x3 neutrosophic interval matrices 
with intervals of the form [0, a+bl], a, b e Z + u {0} } be a quasi 
neutrosophic interval bisemivector space over the semifield S = 
Z + u {0}. 



Example 2.3.47: Let T = {([0, aj, [0, a 2 ], ..., [0. a 12 ]) I a ; e Z + 
u {0}; 1 < i < 12} u jiio, ajjx'la, e Z + u{0}| be a quasi 



neutrosophic interval bisemivector space over the field S = Z + u 

{ 0 }. 



121 




Example 2.3.48: Let 



W = Wi u W 2 = i£[0,al]x‘ 



aeZ + u{0} u 



a ll 


a 2 I 


a,I 


a 4 I 


a 5 I 


a e l 


a 7 I 


a 8 I 



where a; e Z + u{0}; 1 < i < 8 } 



be neutrosophic quasi interval bisemivector space over the 
semifield Z + u { 0 } . 



Example 2.3.49: Let 

T = Tj uT 2 = 



J[0,al]x i 



aeZ + u{0} 



u 



a i 


a 2 


a 3 


a 4 


a i7 


a s 


a 6 


a 7 


a 8 


a i8 


a 9 


a io 


a il 


a i 2 


a i 9 


a i3 


a i4 


a i5 


a i6 


a 20 



a t e Z + u{0};l<i <20> 



be a quasi neutrosophic quasi interval bisemivector space over 
the semifield Z + u { 0 } . 

Now having seen the quasi types of bisemivector spaces, the 
authors leave the task of studying these bistructures to the 
reader as it is simple and straight forward. Now we define 
neutrosophic interval semivector space set vector space V = Vi 
u V 2 over the semifield S = Z + u {0} as follows: Vi is a 

interval semi vector space over the semifield Z + u {0} and V 2 is 
just a set vector space over the same semifield Z + u {0} 
realized as a set we give examples of them. 
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Example 2.3.50: Let V = Vi u V 2 = 



T [O.aJ] 


[0,a n I] . 


- [0,a 61 I]" 


[0.a 2 I] 


[0,a 12 I] . 


- [0, a 62 I] 


|_[0.a 10 I] 


[0,a 20 I] . 


- [0, a 70 I]_ 



a t e Z + u{ 0};1 <i <70} 



u 



[0, al] [0, cl] 
[0, bl] [0,dl] 



[0,a,I] 



[0,a 2 I] 



,([0,ail], [0, a 2 I, [0, a 12 I]) I 



[0, a 20 I] 



a, b, c, d, ai, e Z + u {0}; 1 < i < 20} be a neutrosophic interval 
semivector space - set vector space over the semifield S = Z + u 
{ 0 }. 



Example 2.3.51: Let 



V = V 1 uV 2 = mo.aljx 1 



a,eQ + u{0} u 





[0. al] 


[0,bl]" 


49 


[0, cl] 


[0,dl] 


Xto.aiix 1 , 


[0, el] 


[0,fl] 


i=0 


[O.gl] 


[0. hi] 




JO, ml] 


[0, nl] 



[0, ai I] .. 


- [0, a 6 I] J 


J0,a 7 I] .. 


[0,a 12 I]J 



u { 0 } ;a, a ; , b, c, d, e, f, g, h, m, n, e Z + u {0}; 1 < i < 12} is a 
neutrosophic interval semivector space - set vector space over 
the semifield Z + u { 0 } . 



We can define all properties associated with this bistructure 
also with appropriate modifications. 
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